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Preface 


“Electrical and Eeconc Principles and Technology 
# Edo oduct principles wich descibethe 
Speration of de sed a. cel coneting bah steady 
‘utaint ste al appli hse rnp ole 
‘erwors opera ampli, tee pise supp 
Ataormer, aches a! oe pasion 


In this eon, new material has ben ad on essor 
‘onsiruction thea effect of instruments, posentio- 
‘het and ost, earth poteaal nd shor scus, 
fa elect safer wth ulation and ass. aa 
‘on, ae chapter details some 10 peaetica abo- 
"ratory experiments as been included. (These maybe 
owaloaded and edited hy tates tosuit locally 
‘equipment and componets 


‘This fourthediion othe textbook provides coverage 
the flloting latest syllabuses: 


(i) “Electrical and Electronic Prociples' (BTEC 
National Create and Neional Diploma, Unit 
5} ace Chapters 1-10, Hipat, 13 (pa), 15 
(pa) 1p), 2 pa, 2¢par. 

(i) “Further Elctial Principles (BTEC Nasional 
Corticate and National Diploma, Unit 67) see 
(Chapers 13, 15-18, 20, 22,23. 


(i) Pant ofthe following BTEC Nationa sybase: 
Bleevical Applications, Tee Phase Systems, 
Preps and Applications of Becton Devices 
anu Cireuits,Airaft Electrical Machines, and 
‘Tlecomumunictons Principles. 

(iv) lecticalpatofAppliod Electrica and Mechan- 
seal Science fr Techicians”(RTEC Fist Cert 


(9) Naious pars of City & Guilds Technician Cer 
Lca/Diploma ia Elecical and Elctonie 
Pincples/Telecommuniiton Sytem, such 
lecvical Engincering Principles, Power. and 
Science and Electronic, 


(oi) “Eletical and Elecuonie Principles’ (EAL, 
Advanced Diploma in Engineering aa Teche 
ey 


(oil) Any inuoductory/Access/Foundation course 
involving Electrical and Electronic Engineering 
Principles, 


“Tae tent is et ut in four main sections 


Section 1. comprising Chapters 110 12.ioles essen 
{ial Baxi Electreal and Electron Engineering Pri 
sips, with chapters om clecical nits and quantities, 
intaduction w elec crite, esitance aration, 
trmteres and altemative sources of energy, series and 
pall networks, capacitors and eapactace, agate 
‘euits, electomgnetis, eleconsgneti induct, 
flcenical measuring sestuments an measurement, 
semiconductors des and asi, 


Section 2, comprising Chapters 13 19, valves Fur. 
ther Elecrical and Electrone Principles, with hap 
ters on deceit theorems, allemating Voltages and 
‘utente single phase series and parallel nets, er 
nctwork, de tansints and operational apis 


Section 3, compsing Chapters 201028 avales Flee. 
‘wal Power Technology, wih chaps on tee phase 
systems, uaasfonnes, dc machines and tee phase 
induction motors, 


Section 4, comprising Chapter 24 deiling 1 peat 
cal laboratory experiments, 


Each topic considered in the text ix puseated in a 
‘way that asumes in te reader lle previous know 
Jedge of tat tpi. Theory is invoduced in each chapter 
by oreasomaly vit outline f essential information, 
setiniionsfomnule, procedures, ete Thetheoey skip 
{oa minima, or problem slvig is extesively used 
{o establish ab etempliy tbe theory. I intended 
that teaders wil sain real understanding Tough 
seeing problems sovedand hen though solving silat 
problems themselves, 


‘To aid woesectuerinsructors, the following tee 
Internet downloads ar valle with his edition ee 
page x for acces details 


i) sample of solutions (some 410) of the $40 
Tuner poblems cotined i the book. 


x Prefce 


(Gi) an Instructors gulde devling fll wrked solu. 
tion forthe Reislon Tests 


(ii) 10 peaetial laboratory experiments, wich 
‘nay beedied. 


(60) Suggested lesson plans far BTEC units 5 and 
(7 togstes with Pructive Examination ques- 
‘Hons (with sulutlan for evison purposes. 


(0) 5 Powertoint presentation f ll 538 astra 
tons contained inthe text 


lectical and Flectoaic Piles an Technology 
4 Eligon’ contains 410 worked problems, together 
With 341 mult-choice questions (ith anes athe 
Tack f the book) Als included are ever 488 short 
answer questions, the ansers for which ean be deter 
mined tr the preceding mara in that particular 
jer, and some £40 further questions angel i 
|i Eseries al with answers, ia brackets, sna 
tly following each question: the Exocises appear at 
regula intervals every 3 or & pages throughout the 
tes 88line diagrams furhereshance the undersaa 
ing ofthe thea All ofthe problems ~mult-coice, 
stort answer and further questions ~ mire practical 
sination foundinelectical nl elecronicengneeing, 


Atregular tervals thoughout he text ae seven Revi 
‘Sion Tests to check understanding. For example, Revi- 
Sion Tot | covers mati comtaedin Chapter ta 4 

Revision Test 2 covers the material coatained in Chap 
tem $107 and sa on, These Revision Tet doo ave 
ners givensincetisenvsaged that lecusersfnstuc 

tony could tthe Tests for tuts to atlerp as pat of 
their couse structure. Lecuersfinsuuctrs may obtain 
alge Internet dowaloadof full outonsof the Revision 
‘ents inan Instructor's Mana ~ se next column, 


A list of elvan formula are included tthe end of 
‘ach ofthe tte section ofthe book. 


“Learning by Example iat the ear of Elec and 
lecuonic Principles and Technology 4 Edin’ 


JOHN BIRD 
Royal Naval Schoo of Marine Engineering, 
FMS Sultan, 

formerly University af Portsmouth 

and Highbury College, Portsmouth 


Free web downloads 


Altea tvesetsofsypport material saaiableto 
{utorslecturerfinsructone oly fiom Elevier's 
textbook website, 


‘To access material, plewe 20 10 lpn, 
ooksteeluvercomr neil find the correct 
tile, and elick on 1 whichever of the following 
fesoutce material you ned, 


@)Sotutions manual 


‘Within the test dere ae von $40 furor pb 
Jems aanged within 146 Exercises A sample of 
aout 410 worked solutions hs been pepe or 
ects, 


(i) ostructor’s manual 


‘Tie mana provides fll worked! solutions and 
snark scheme forall 7 Revision Tests in this book. 


lt) Laboratory Experiments 


{Chapter 24,10 practical laboratory experiments 
se included. It ma)be tht tutors will want 9 eit 
these expeinents to nuit their own equipment 
component availabilty. These have been made 
sallble o the website 


(Gy) Lesson Plans and revilon material 
‘Typical 30-wec leon plane for “Electrical and 
lctyonicPieiple’ Unt Sand Further Elec 
cal Principles’, Unit 67 ae included, togeter with 


two practise examinations question papers (ith 
‘lutions foreach ofthe modules. 


(9) ustrations 


Lecturer can downlad electronic les fr a $34 
Alustrations inthis fourth ein, 


Basic Electrical and 
Electronic Engineering 
Principles 


“This page intentionally eft lank 


Chapter 1 


Units associated with basic 
electrical quantities 


| Atte end ofthis chapter you should beable vo: 

‘sue te base Suns 

1 recone deve twits 

“5 in pes dn pea an 


‘te the units of charge, fre, wok and power and perform sinple calculations involving hese wits 
sue the units of electra potential ean. resistance, conductance, power and enspy and perf simple 


‘aleulations valving these units 


1.1 Slunits 


"The system of wit used in engnceing an scence is 
the Syste Tneraationale d'Unites (Ineratonal sy 
‘eat oF us), asually abbweviated wy SE units and is 
‘sed oa the metric sje, This wa introduce in 1960 
ad is now adopted by tbe majority of counties as the 
‘ia system of measurement. 

‘The basic nits in the ST system we listed below with 
heir eymbol: 


Unit 


‘mete, 
loge, ke 
tine second, 
lectrie cunt umpere A 
‘Menmodynamictempermure kevin, K 
luminous intensity anda el 
amount of substance ‘ale, mal 


Derived SL units use combinations of base units ad 
there are many of them, Two examples a: 

‘Velocity metres per second (avs) 

‘Acceleration ~ mites pr second 

squued (ays?) 

Stunlismay he made lager orsmalle by sing refi 
‘which denote multiplication or division by a pari 
Tncameurt. The six aust common mile, with their 
‘meaning, ae listed belo 


M-——tega multiply by 1000000 (e108) 
ilo eulity by 1900. 10) 
livid by 1000 (Le = 10-3) 
miro ive by 1000000 4. 10-8) 
8 mano vie by Lonncno000 


fie x0 
sivide by L 000000000000 
i 
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1.2. Charge 


‘The unit of charge isthe coulomb (C) where one 
coulomb is one ampere second (Leoulomb = 624% 
1 clctoas- The coulomb is defied asthe quanti 
‘eletiiy which ows pasts gven pola inane 
tue circit when a cumentf oe ampere Le maintained 
forme second. Thus. 


‘hare, in coulombs 


o=n 


whore 16 the cuttin ampeses and is he time ia 
secon 
Problem 1. Wacumeatof A fows fr nines, 


‘ind she quam of eleteiciy tant, 


‘The unit of foee ithe newton (N) whe on nevion 
isone kilogram mete pr seco squed. The newton 
is define asthe force Which, when applied oa mas of 
‘one kilogram. gies ian aceleration of one mate por 
Second squared, Ths, 

force, In newtons 
where m isthe mas in kilograms and isthe sel 
tion in mets per second squad, Geavitational fre, 
‘rveight omg, where g = 981m 


Problesn 2, Ama of S000, is accelerated st 
‘mys! by fore. Determine the force needed. 


pecherid) 


ass accleraion 
Ike x 981 
962 


1.4 Work 


“The unit of work or energy isthe joule (J) where one 
joule is one newton mete. The joule is defined asthe 
‘Work dane or enersy wansfeted when a force of one 
‘owinas eared though distance atone mee athe 
‘ietion ofthe fone, Ths 


work 


wv body, ia joules, W=Fs 


‘where Fi the force in newton an the distance in 
‘metes mated bythe body inthe diction ofthe Frc, 
Energy isthe capacity fr doing wok, 


“The unit power isthe wat(W) where one wat isone 
joule per secnd, Power i defined a the rte of doing 
‘Work or uansfering ener. Tus 


where W is the wodk done or eneny tance, ia 
Joules and isthe ime in econ. Thus, 


ever in jules, 0 


Problem 4. potable machine requires a fnce 
of 00 to move it How mich work is dowe ifthe 
‘machin is moved 20m and what average powers 
tulle ithe movement takes 255? 


Problem 5. A-mass of 000 is raised though a 
hojght of 10m in 20s. What ia) the work done 
sau (the powes developed? 


(0) Work done = force distance 
a force = mass aeceration 
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Henee, 
wok done = (100048 9.81 a) x (10m) 
=04100N 


=981KNo oF NK 
work done _ 98100 
Time ake 


1b) Power= 


05 /s = 4905 W 0 L905KW 


[Now try the fullowing exercise 


Exercise 1 Further problems n charge, 
force, workand power 


ciate g 


1. What quantity of cleticty 
(624 10" eletons? 


Stin/s? where appropiate) 


cated by 
Tio00€ 


what time woulda custet of LA wansfer 
change of 307 (305) 


4. Acute of 3A Hows fr Siminutes. What 
have is ansfered” [po0e} 


4. How long musta curent of 0.1 flow so 
sto uaasfer a change uf 30C?[Saicutes] 


What foie i equi to give aes of 
20g an assertion of 3/7 [GOON 


(6 Find the acoeatng fee when aca ha 
ing a muss of 1.7Mg incteases its speed 
wh a constant acceleration of Says 

ISA] 


7. Alorceat 40Naceclertesamassa Sas 
‘Detennie the mas Ish] 


Determine the fone ating dowawas 00 
4 ass f 1500 suspended on 8 stnog 
(a72N} 


9. A foes of AN moves an object 200 ia 
the dgcton ofthe fore, What amount of 
work done? 1831 


tyough SO? 


[2Ski) 


11, An clecuomapnet exes 4 fore of 12N 
aud moves a soft fon armature through a 
Aistance of 1 Sem in 4m. Find the power 
‘onauned usw 


12 Amass of 00g seased toa beightaf6m 
430s, Find (a the wouk doe ad () the 
rower developed. 

[ia)29434Ni (O81 W] 


13, Revie the following since 


(a) 1000p oF 
(6) 02u R= pe 
(e) SOOKE Mie 
(a) atko= Mo 
fe) 032mA=— HA 


Tia a () 20000 pe) SMB 
{)Q047M0 (e) 320A] 


1.6 Electrical potential and e-m-, 


‘The unto eerie potential isthe volt (V), whee one 
‘ols oe joule pe coulomb, One Volts deine asthe 
«ferencein potential berwcentWo pias in aconductor 
‘which, when carrying curteat of one ampere, dissipates, 
2 power of ne watt. 


sits NS _jles/second 
pers ~ amperes 
joules Jes 


‘mupere seconds ~ Goals 


‘A change in elec poeta beeen two point in 
a electhic cruised pote difference, The 
tdeetromotive fore (em) provided by a source of 
faery such asa batery or generators measured in 
vot, 


1.7 Resistance and conductance 


‘The unlt of eletre resistance isthe oka}, where 
‘one ol is one volt per ampere, I is defined as the 
‘esisiaace hewed 180 pois ia enaduetor when 
‘onsant electric potential of one ylt applied at the 
two poite produces a current flow of one ampere in 
the conductor Thus, 


y 
resistance, in ohms = 
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whore Viste potential ference arossthetwo pois, 
Tn volt and / the cuten Rowing between the we 
pois, amperes 

‘The reciprocal of resistance is called conductance and 
Isimeasured in siemens (S). Thus 


2 
conductance, in siemens =f 


where is the esistance ia obs 


Problem 6 Find he conductance of a conductor 
of resistance: a) 100 () 5k (6) 10000 


‘When a diet curten of F amperes i owing in an 
lecie circuit andthe voltage across the ecu is 
Vals hen 


ower. in watts P=VE 
letreal energy =Power time 
=i Joules 


Although the ust of energy’ isthe joule, when deal- 
ing wit ange amounts of ener, the unit wed i the 
‘late hour (kWh) wese 


nan 


00 wt hour 


100 3600 wat secondo jas 
000003 


Problem 7. Asouce emf, of SV supplies a 
cuient of 3A for ]Daiutes: How nich energy is 
‘rove in hist? 


23x (1060) 
000 Ws or = 9d 


Problem fk An let heater consumes 18M 
when connected 19 250V suppl fr Ornate. 
Find the power rating ofthe heater and the cue 
taken from the supply 


L108 
ee 
0003/ = 1000 W 
‘power rating of heater 
P10 
Power P= Vi. thus =F = aga 


‘Hence the current taken frm the supply ks4A. 


[Now try the following exercise 


Exercise2 Further problemsonem., 
resistance, conductance, power 
andenergy 


1, Find the conductance of a resinor of 
resisuace (a) 102 (b) 240 ©) Ima 
11a)0.18 6) 05 () $005) 


2. A conductor har a conductance of SOUS, 
‘White ceistnce? (Oka 


3. An emf. of 250V is connsted across a 
fexistance andthe cutent Howing thrush 
the vesstance is 4A. What is the power 
developed? av) 


4.4303 of energy ate converted into heat in 
{miaute, What powers dissipated? 
nsw) 


5. A cument of 104 flows through conduc 
torand LOW is dissipated. What pad exists 
crouse ends of the conductor? (VI 


6 A haty of ean 12V supplies a cueat 
OF SA for 2minues. How much energy is 
‘uplied nts time? 172k) 


7. Ade. electric motor consumes 36M when. 
once toa 280 supply for tows Fad 
the powerraing of the motorand the cureat 
token from the supply. (10KW, 4A] 
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1.9. Summary of term Complete the following: 


their symbols BI 2 ee 


3, What do you understand by the erm pote 
sil dtorence'? 


4, Define electric urent in temo charge and 


S. Name the units wedta measure: 
(a) he quantity eleetricity 

(by resistance 

(e)condctance 

eine the couloms 


Detine electrical energy and state its nit 


Mass 


eine lecwcal power and statis unit 
‘What is clecomotvefece? 


10. Waite dows «formula for caleulting the 
powerina de circuit 


‘Write down the symbols forthe following 


quanti 
(a) elestriccharge —(b} work 
(emt (pa. 

lectic curet 1 i 12, State which units the folowing abbreviations 
tele to 


WA WC C1 WN wm 


° 


? 
£ 
— 
i 

< 


ae 
ere 


i 
z 
2 
: 
t 


» 


Which of the following statements ie 
(OIN= kgm 
(o)30mA = 0.03 
3. The power disputed by a resitr of 109. 


ot caren 2A pas rghit 

(aoaw t)20W fe)aOW (0 300W" 

4. Ams 12004 iaeclete t2 

fecplanpenetoe deat ‘bya force. The value ofthe force reyuied is 
west? (a)2AN (b) 2400N 


1. What does‘ nie’ mean? (0)2404N (wa2an, 


g 
a 
z 
: 
z 
i 


Exercise3 Short answer questions on 


{8 Hectic and EecrnicPinples and Tecnology 


5. charge of 40 istransfred in 2 nuts 
‘The cutem owing is: 
G@)20A (W)480A 2A BA 


6. A curteat of 2A flows for 10h though a 
1006 resistor. The energy consumed by the 


G@jaskwn cy akwn 
2h (@0.02kWh 
7. The unit of quay of lect sth: 
G)yolt (coulomb 
ohm (ah joule 


. Blctomotive fave is provided by: 
G)resinances 
(©) conducting path 
(e) an secre cunt 
(an clectricl supply source 


9. 


10. 


4 


‘The coulomb isa unit of: 
(a) power 
(oy vote 
fe eneny 
(@) quttyofeleciiy 


tn onder hat work maybe dane! 
(a) supply of encry isreguied 
{the eeu mast havea switch 
{coal must be burt 
{eo wites are neceesary 


“The ohm ithe unitot, 


(a) chase (by resistance 
(power (hcurent 
“The unit curren eth 

(ayvolt ()coulom 
(0 joule (a) ampere 


Chapter 2 


An introduction to 
electric circuits 


“Atte en ofthis taper you should be abet: 
_aprocat that engineering systems may he sepreseated by block diagrams 
secogaizecommoa electrical cicut diagram symbols 

‘understand that elec eusent isthe ate of movement of charge ands eased i amperes 
appreciate that the uit of ehge isthe enor 

alee charg or quant of electricity Q fom Q- 
‘understand thats potential diference between tvo pois in a vest requed for cuent o fow 
appreciate thatthe nit ofp ithe volt 

‘understand tat esistance opposes current Bow an is measur nos 

_aprecat what an ance, a Volnett an obmaete, a multineter an oscilloscope. watite. ge 
‘meggeratachometer and soboscope measure 

Aistinguish between linea and anes devies 

sat O's aw as V=18 of J=V/R o¢ R=V/I 

‘se Ot’ lain calculations, nctaing multiples and syle o units 

oseribe a conductor and an insults giving examples of ca 

R= V"/ Rats 


state hele main effets of an electric cute, giving practical examples of each 


explain the importance of fses in electrical crits 
appreciate the dangers of constant high current low with insulation materials 


Figure2 shows asple public aliess system, where 


2.1 Electrical/electronic system block 
diagrams 


‘An eletrialectrnic system is a group of compo 
‘nents connected ogee to perform a desired function, 


4 microphone Is used to collet acoustic enegy 10 
the form of sound pressure waves and convents this 
wo eleeial energy in the fora of soall vltaes 
sau cute; the sigaal ftom the miropae i then 
‘plied by means ofan electronic cet containing 


YO _Beetialand BectnicPinciplesand Tecnology 


Ac sure 


eo ener 
Sor anme | SD 
tas 


‘wansisonsintepratedetcuis before iti appli tothe 
loudspeaker 

‘A subsystem i a part ofa system which performs 
fn identified function within the whole systeny the 
plier in Fig 21 is on exataple ofa ub-systen 

‘A component of element is usually the simplest 
Pt of a system which has a specie and welled 
Function for example, the microphone a Fi. 21 
‘The iusto in Fa. 21 sealed block agra 
snd elecealflecuonic systems. which can olen be 
‘uit complicated, can be beter understood when bro- 
en down in his way isnot always necessary toknow 
precisely what i inside each aubveytem in oder 10 
now how the whole stem functions. 

[Ax another example ofan engineering system, Fig. 22 


‘Tore ate many types of engincring systems. A come 
‘munications system isan example. where local aea 
setwork could comprise le server, coaxial able, et 
‘work adapters sever computes and ase ifr, a8 
‘ectromechanical system i anaber example, where 
‘electrical sysem could comprise a atey starter 
‘moto, a ignition coil a comtact beaker and a distib- 
‘wor. Al ich sytem a hese maybe represent by 
block diagrams. 


22. Standard symbols for electrical 
components 


Symbols are use for componeats in elecial circuit 
slags and some af the mevecomunon anes are shown 


hierar steers en et 
{Soe de anh een a 
Sore ae eee 
Sten beet eee ee ore 2s 
ee 

vn re Oe 

yes Kae 

- o-oo Ht 

fates! len “eee 

= : 

S te at aaa tne 

“Teemoatst Es = SS 

Encased space Fine Vetinae—kaarang 
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‘currentand quantity of 


Alans consis of protons, neutrons and electrons. 
‘The wotons, which have positive clectical charges and 
the netions, which have ao elecca charge, ae cow 
tained within the mules, Renkved from the nucleus 
sesminue negatively charged pares aed elects. 
‘Atos of iferent material diferfeom one anor by 
‘ving diferent numbers of oon, neutons ad el 
won An equal fuer of protons and electrons exe, 
‘with an atom and itis said to be electsially blac, 
2 the positive and nepaive charges cancel each ote 
‘ou When there re more than wo electrons in an tom 
Aeelectronsareatanged ino shellsat various distances 
fiom the nucleus, 

‘All atoms ate bound topster by powerful Fores of 
samction existing betwen the nucleus ad is ele 
‘eons. Electuons in the outer shell fa atom, howeves. 
are atectd to thei nucleus less powerfully than ae 
‘Sectone whoe sels renee thence, 

‘Wisposibleforan tom tolose an clcton the atom, 
‘which ow elle a fon is nt ao eleciclly bal 
nce, buts positively charged andisthus able atwact, 
fan elecon oie fromm another ator, Electrons that 
‘move fom ove atom to another ae called fee ele 
‘tons an auch random notion can continue indefinitely 
However if an electric pressure or voltage is appli 
seoat any ttral there i a tendency fr eects 
‘move in a paticlar diction. This movernent of fe 
‘lect, Enownas drift constiutesan clei eurtent 
to. Thus current isthe rate of movement of charge. 
‘Conductor ate atrial that contain clstions hate 
Toovely connected tothe micleus an cin exily move 
vough the material fom one ato 1 another. 
Insulators are materiale whow lcteoas te eld ly 
totheir nucleus, 

‘The unit used 10 measue the quantity of elec- 
tiical charge Q is called the calm C (where 
1 eoulomb=624 10 elects 
he drift elections na conductor takes place atthe 
‘ate of one culo per second the resulting cute is 
‘id tobe wcurent of ne ampere. 


‘Thus coula per econ or 
Cis 
Hence Lcoulon = Lampere second ar 
Te=1As 


Generally i 7 isthe cutent in amperes and the te 
in sccoals during which the eaten Now, then To 
‘eresnts the quant of eletecal charges coulomb, 


ic, quay of electrical chugs transferred 
@ 


xt coulomb 


Probleay L. What crsent must ow if 0.24 
coulomb isto be wanted in Sms? 


Siac he quantity of eleticty, OH then 


2 0m _ ams! 

Tie 
20 

= Matsa 


Problem 2 Ifacutent of 10A tows forfour 
mines, the quantity of elect tandem 


Quanty of eleticiy. 
624, Hence 


coulomb, 


104 and 


Exercise Further problems on charge 
1. Tawhat ime would weuent af 10 tanser 
achurge of 50? 1S) 
2 Acumen of 6A flows fr 10minutes. What 
hare is wansfened? [seo] 
3. How lang musa eaten of 100mA ow so 


sto uunsfera charge of 80? 
[3 in205), 


2.4 Potential difference and 
resistance 


Fora continuous curtent wo ow between two points in 
cuit a potential difference (pa) ox votage Vi 
‘pred between them a complete conducting path 
‘econ to and from the sauce of elctical ner. 
‘The unit ofp isthe vat. 

Figure 2.5 shows a cll congceted across filament 
Juz, Curent ow, by convention considered ow 
{ing Tom the postive erin of the cell around the 
‘iui othe negative terminal. 

“The ow of lectic current is subject tition. This 
‘ction oc oppoition, is called resistance Rn isthe 
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property of conductor hat lini eure. The unit of 
Fesiance isthe om: obm is defied ashe esistace 
Which will have a current of Tampere owing tough 
it when {yo connected aeroxe 

Potent iference 


ie resdstance & 


2.5 Basic electrical measuring 


‘An ammeter isan instrament used to measure cur 
tent and ast be connected tn series withthe cat 

Figure 25 shows at amuncter connected in seies with 
‘he lamp iomeasite the cures lowing though i Since 
allie curent inthe ict passes though he aeneter 
it must have a very low resistance 

‘Aolimeter isa estrument uscd vo measure pd and 
ust be connate In parallel withthe pt ofthe ci 

it whose pal is equted. In Fig. 23. volte is 
‘connected in pall With he lamp o measure the pl 

eso i To void a significant cument owing tough 
ita volumeter must havea Very high resistance 

‘An olmimeter san lnrument for measuring 
‘A multgetr. or univessl instrument may be used 0 
measure vollage. cuneat and resistance. Aa AVomete 

tnd "Fluke" re rypical examples, 

‘The osellscope may be used to observe waveforms 
and to measure voltages and currents The display of 
‘mn oscloscope injlves spot of light moving atoss 
2 secon. The amount by which the spot is deleted 
from ie ntl postion depends onthe pt, api 10 
the terminal of the oselloscope and the range Selected, 

‘The displacement ix calibrated ia “volts per cn For 
example. i'the spot is deflected 3em and the volsem 
‘itch ion 10V fo then the magnitude ofthe pd ix 
Sem 0Vim. ie 30V. 

‘A eatmeter ca instrument forthe measurement of 


power ita electrical circuit 


‘A BMRO or 420 MIT megger ora bridge megger 
‘may be used to measure bath contnuty and insula 
‘on resistance Continulty testing ste measure 
fof the resistance of cable fo dacover ithe cable i 
continuous, thai has ao beaks o high resists 
joints Lnsulation resistance esting isthe mesures 
fof resistance uf the insulation between ables, inivid- 
‘taleabesacarth octet plugs and socks, and +00, 
‘An insulation resistance in excess of IMB is nocmally 
acceptable 

‘A tachometer san instrument hance the speed, 
‘sully i revoltions per minute, a which an engine 
satis oan, 

‘Astroboscpe is device for viewing a rtaing abet 
areola ecusing intervals by ean of either (a) 
fotaing oe vibeating shuts, o (4 suably designed 
Tan which fases pridicaly the pti between, 
successive views i cea th same ate ine of ene 
‘evolution ftheseolving object andthe duration athe 
‘View ery short the wbjct wil peat o bestia. 
(See Chapier 10 for more detail about eletieal mea 
‘surg nsirumeas and measurenets) 


2.6 Linear and norlinear devices 


Figure 2.6 shows a crit in which eurent Han be 
‘vated hy the variable resistor. Foe various stings 
of Ry. the cusent owing in resistor, aisplyed on 
the ammeter and the pa across, diplayed on the 
voluncterafenotedana graph splonedof pd against 
caren, The ssul is shown in Fig. 27a) whee the 
Staight line graph passing tough the ogi indicts 
‘hat euent is dietly proportional tothe pa Since the 
snadiea i. (pa Veumen) is constant, esisance Re 
{is constant Aresistor i thus a example of «near 
device, 

Ie sesistor Ry in Fig. 2.6 is replaced by a compo- 
sent such samp thea the gph shown in Fig. 2700) 
‘esuls when values of pd ae noted or vaviouscutent 
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” oT 
Pigure27 
readings. Sine the gratint is changing the lan ian 
‘canpl of womlinar device 
2.7 Ohm'sla 


(Otuu's aw state thatthe caren / owing in a ctcait, 
1s duel peoporona wo the aplicdvolage V and 
inversely poportioalta the resistance R. provided the 
‘enperatute remains constant Ts, 

Paine é 

= Kor vam okey 

Fora pructieal laboratory experiment an Ohm's lw, 
see Chaper 24, page 406 


Problumt "The caret owing tough resistor 
{sA when 4p. of 20V is appliod, Determine 
the valu ofthe esistanee. 


rom Obs aw, 


resistance 


ilo muhplyy 1000 10kY. 
esx) 
mesa lide by 1000000 


ie 10-4) 


2.8 Multiples and sub-multiples 


‘Cures, Voltages and resistances can often be very 
Juego Very stall. Ths multiples and sub-muliples 
of uit are olen used, as stated in Chapter. The most, 
omen aes, with an example of each. ae Hed a 
Table, 


Probes. Determine the pd. which must be 
plied 14 22 esstor in onder that a. current of. 
mA may flow. 


2 10? = 20008 
010%, 
w 
ia 
From Ohm's law, potential dfeeace, 
1 = (0.01)2000) =20 


Problem 5. coll haya current of SOA 
‘owing tough it when the applied voltages 
12. What the resistance ofthe coil? 


ve 


Resistance, R= b= 


Example 
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‘yolage snow reduced 1 25, what willbe the 
ew value ofthe current owing? 


v_ 100 _ we 
Resinance R= Y= 10H = 
20 uP =20K8. 


{Cute when voltage seduce to 25, 


07=125mA 


Problem 7. What the resistance ofa oll which 
raw a cunent of (a) SDA and (b) 200 froma 
120 sappy 


10 
6) Resitnce R= Y= OO 
120 _ 12000 
ms" 
24009 o« 24K 
bo 20 
(Resumes R= Ts ~ TOM 


E0000, 


coos. 


6 OOS oe 06M 


Problem 8. The caneatNolage relationship for 
two resistors Aad Bi ae shown in Fig. 28 
Deterine the value of the esse fea 


Figere2 


Foreesistor A, 
v 20 
T > 3tma~ 08 
10002 6 1S. 

For sesistorB, 
Vv _ tev 16 _ 16000 


TSX ~ 005 3 
=32008 06 32K9. 


[Now try the following exercise 


Exercise Further problems on Ohm's law 
1. The cunt owing through beating ele 
inont i 5A when & pa uf 38 Is applied 
eros i Find the resistance ofthe element, 
17a 


2. A GOW leer ight bulbs connected 10 
240.V supply Determine a Decent ow 
ing in the bulb and (b the esistance of the 
ul. 11a) 0.254 (b) 96002), 


3. Graphs of current against voltage fortwo 
resntoes P and Q ate shown in Fig. 29 
Determine the vale ofeach resistor. 

Tea, Sc} 


CrmrtinA 


igure 29 


4 Deteriae the pd. which must be pied to 
1 SKO resistor sich that cufet Of GA 
mayo Ovi 
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5. A 20V source ofeam£. x connected across 
‘cuit having a resistance of 400.2. Cale 
Tate the euent owing. {somal 


2.9 Conductors and insulators 


‘Aconductor isa matsa having alow resistance which 
Allows electric eurent to ow in All metal ae cow 
ucts and sme examples include copper, alunsaiun, 
‘yas, platinum ser, gol and eatbon. 

‘Aw Insulator fs mstrial having 1 high esitance 
which does aot allow electric cent 10 Bow in 
‘Some examples of inulatesiacade plastic, rubbet, 


2.10 Electrical power and energy 


Electrical power 


Power P in an elotical citi given by the po 
‘uct of potential difeence and cuenta stated ia 
{Chaps 1- The unit of powers the watt. W. 


Hence Vx watts ” 


‘rom Ol's law, V-=ZR, Substituting for V in equ 
‘om (1) ve 


Pact 


ie PPR Wats 


Also, om Obin's law, 
‘uation cb gives 


Satin foe Fin 


‘There ae thas de posible formulae which may be 
‘ued fr elelaing power, 


Problum 9. A LODW elec igh bulb 
‘connected to 2 250 supply. Determine (a the 
urea lowing inthe bub, and (b) the resistance of| 
fehl 


(2) Cuneat 


() Resince 


Probie 10. Caleulate he power dissipated when 
caren of Am flows though asesistance of 
ska. 


Power P= 12 = (42 -9}%5 105) 


6 610-5 1 


107 


LON ov SOW 


Altematively since 10" ten 


foc Obs aw, woke 


10 and 


Vnik=4x 10-7745 10=20V 


Hence, 


power P=V <1 


Probl 11. An electse ete has restance of 
300, What easter will ow whea tis eoanected 
‘oa 240V supply? Fndalso the power rating uf he 
ee, 


Current, = 4 
g 


Power, P= V1 


0x8 


= L92KW = power rating of kale 


Probie 12. A cuent of 5 Hows ia the 
windiag ofa elecic motor, the resitanes of the 
‘india bee 1000. Deeriae (a) the pa aczoss 
‘he wining and () the power dissipated bythe 
call, 


(2) Poteau ference aro wing 


i. 


100. s00y 
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(©) Power disipated by cll, 
pari 
2500W oe 25KW 


S100 


(Attomatively, P= V 11 =500 5 


=2500W oe 25K) 


Problean 13, The htresistance of 240 
Silane amp i 9600. Find the current ake by 
the lamp and its power rating. 


Feom Obs a, 
seat = 
1 
Ea or 0250 
Power ating P= V1=(240)($) = 60W 


Electrical energy 


letreal energy = power time 


the posters measured ia wats ante tine in seca 
‘hen the ut of ese is wat-secons oe Joules. the 
power is measured in kilowatts and he te in hours 
hen the unto een i llowatt-hours often called 
‘he “unit of eletriet- The ‘lectriy ante the 
home records the uate of kilowatchousused and is 
hus an energy moe 


Problemy 14, A 12V baer is connected scsoss 
load having atesistnce of 400. Determine the 
urea owing inthe Load the power consumed 
fn he energy dissipated in 2nnutes, 


Power consumed, P= VI= 


129003) =36W 
ene dispel = power < time 

= GOWI2 x60) 

= 4825 since 11 = 15) 


Problem 15, A souce of em of 15 supplies 
‘uient of 2A fr 6uinutes How much energy is 


‘vided in hist? 


‘Eaengy—pawer time, and power—volage x cured, 


Hence 


energy =VI= 15 42 (6 60), 
1oNOOWs or 


sk 


‘Problem 16. Elecwical equipment in an oftce 
takes a cuter of 3A from a 240'V supply 
Estimate the est per week of let ithe 
‘equipment is used for S0hours each week and 
1AWh of energy coms 125. 


=o36kWH 


(Costa 12.5p por KWA= 92.6.1 
‘weekly cot of eletrelty = £11.70, 


1170p. Hence 


Prublea 17. An elect ester consumes 26M 
‘when connected toa 250 supply fr 4Oruinuts, 

Find the power rating of the heater an the curren 
taken frm he supply 


energy _ 3.6108 | 
“ine Wx = 
{ie Power ting of hester= SRW. 


Power oe W 


Power P 
1300 
ar 
Henge the curent ake fom the supply i 6A. 


thus 


Problem 18. Determine the power disiate by 
the element ofan elec fe of esisance 202. 
‘when cueat of 10A Bows though it Abe ies 
0 fo 6hours determine the energy used and the 
‘cost Ini of eleticity conte 3p, 


Power P= FR 


= 100» 20-=2000W oe 24W. 


uP x20 


‘Alteratvly fom Ohm's a 
vam. 


0 20= 200. 
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tence power 
FA 


vod 


1m 


2000.W = 24), 


Eaegy wed in Bours 
wer time =24W « 6h= 12100, 

| nitof eletisty = 1EWhy Hepes the auaber of ws 

se i 12. Cost of enery= 12 x 3186p 


Problumt 19. A busines uses two 3KW es for 
sn average of20houts each per wk. and six 
SOW ight or 30hous eah per weck Ifthe cost 
of loti is 4p por uni, determine the weekly 
cos of elect the busines. 


Energy =poer x tine 

"Egergy wed by one EW He ia 20hours 
3hW s 20=604WH, 

Hence weekly enerey used by two 3kWiites 

2 = 120KWh 

‘Eaergy used by one 150W ight for 30hours 

130W 3084500 Wh 5kWh, 

Hence weekly energy used by st 1S0W lamps 

mtn 45-274. 

“Total energy use per week =120-427=147kWh, 

‘uni electriciy 1 kWh of energy. Ths wes cost 

of eegy at 14 per kWh 


[Now try the fullowing exercise 


Exercise7_ Further problems on power 
and energy 


1. The hot resistance of 0250 flame amp 
{6252 Determine the caren take by the 
lamp and its power eating, [01A. 100W} 


Determine te resistance of aco connected 
twaSDVsupply whenacurrentof(a)7SmA 
(300, fos tough 

Tia) 240) 0S Ma 


4. stemine the resistance of an elect re 
which kes u cue of 12A frm a 240 
supply Find lso the power aig a the ie 
nthe energy use in 208. 

1209, 2.88kW, 57.6EWh] 


4, Determine dhe power dsipted when a cur 
reat of 10mA hws tough an applic 
having aresitance of $KO2.— [08WI 


= 


5. §5SJofencrey are converted intoheat ind 
What powers dissipated? (Swi 


6. A current of 4 fos though a conduc: 
ter and 1OW is dissipated. What pa exists 
Acrous the eds ofthe conductor? (25V1 


7. nthe power dissipated when 

(a) acurent of SMA Hows through rei 
tance of 20402 

() voltage of 400 is apie aco 3 
120K resistor 

(6) 4 vollage applied to a testo is 10LV 

‘snd the current flow is 4 
[ay 05W (0) 133 e) 40) 


8. Abateryofemf. 18 Vsuppicsacurentof 
2A for Sma. How much energy is supplied 
inthis time? okt} 


9. Ade. elotrc motor consumes 728 when 
onnected to 400V supply for 2h 300i 
Find the power ring ofthe motor an the 
‘urea taken om the supply. [SAW, 20] 


10. A pu of SOOV is apie sero he wind 
Ing ofan eleenie mu and the resistance 
‘ofthe windlass S02, Deen he power 
‘spat by the cl SEW] 


11, Inahousehold during particular week hee 
“TAW fs are used oo average 25H ech aul 
‘ight 100W lightbulbs reused on average 
SSW each. Detennine the cst uf electricity 
‘Tortheweekt | unit eecricity cose 15p, 

42670) 


12, Calculate the power disp by the ee- 
rent of an electric fe of resiance 309. 
when acuent of 1OA Hows in I the fie 
Ten for 30houes in a week determine the 
energy wd, Determine aso the wes cost 
fof energy if electricity costs 13.5p por nit. 

[BRW, 0KWn £12.15) 


effects of electric current 


‘Tue thee main effet ofan electric erent we 
(2) magnetic efor 
(h)ehemiea eset, 
(eating effet 
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Some practical applications of he effet of ua electric 


bolls relays motors, generators, 

ttansfonmes. telephones, 

‘arigntin ao iting magnets 

(sce Chaper 8) 

(Chere eect: pinay and secondary cll and 
‘lectoplating (ce Chapter 


cookers, water eas eee 
es, ws furnaces, Kees 
nd Soldeting ions 


1 tore is a fat i 2 piece of equipment then exes: 
sive curent may Ho. This illus otesheaing and 
possibly fie fuses rote guns his happening. Cs 
Feat frm the supply tothe quips ows trough the 
fuse. The fase isa place of wire which ean cary a stated 
‘urn the euent ses above this alu it will mel, 
Ifthe fase mets (blows hthen there isan open ecu and 
nocrtent can the ow —thus potting the equipment 
by isolating it fom the power suppl. The fase must be 
ale to carey sighly moze than the ormal operating 
‘urtent ofthe uipment to allow for tolerances and 
“small caren surges. With some equipment here is 2 
‘ery lage surge of cument for ashore a hth 
Tea fuse itl to witha this age current there 
‘would Beno protection against fauls which cause the 
‘ureat ors slghly above the normal vale. There 
one special ant-auge fuses ae fited, Thee an stand 
10 tines the ated eure fr 10 milliseconds fe 
Suge lass louger than this the ase wl la. 

“A cicust diagram symbol for a fase is shown ia 
ig. 24 on pe 10. 


Probes 20, 1S, {0A and 13 fuses are 
_pallable. tte which s ost appropriate forthe 
Tollowing appliances which are bo connected 10 8 
240. suppl: (a) Elecc toaster having power 
tating of HW (b) Ele fe having power 
rating of 3. 


2 
Per P= V1. fom which, caren = 2 


2) Forte toaster, 


100 


P oo 
cent = B= OO = OY ar 


Hence 8 5A fuse is most appropriate 


(0) Foe thee, 
P3000 _ 300 

oe: 
Hence 13 fue sos appropriate 


cute = =1258 


[Now try the folowing exercises 


Exercise Further problem on fuses 


LA television set having a power eating of 
ROW and electric Lwamower of power 
rating 1KW are both conacted 10 2 250 
Supply. 3A. 5A and 10 Tass are ail 
Nk sate which the mos appropiate for 
ach appliance, BASAL 


2.13. Insulation and the dangers of. 


constant high current flow 


‘The we of insulation material on cectriel equipment, 
‘whilst being nocessay also has the effet of prevent 
‘ng beat los the heat sno blew dispar. tus 
reat the possible danger offi. In adtin. the insu 
Titng meri has maaan expert ating —this 
‘shat tcan withstand without being damaged, The cu 
‘eatraing forall equipment and elecical components 
{s therefore limited 10 keep the heat seneated within 
safe limits, lv adton, the maximum voltage pesca, 
‘ods to be considered when choosing insulation, 


Exercise9 Short answer questions on the 
‘Introduction to electric circuite 


1. Draw he prefered symbols forte following 
‘components used when drawing electical 
‘eelt diagrams 


(a) xed resistor (i) cal 
(© lament amp (fue 
(o)volineer 


2. Ste the unit of 
(a) cureat 
(h) penal diterece 


(6) resistance 


2. Satan instrument wed to mean 
(a) current 


Ainweduction a eeciceits 


» 


10. 


(©) potential diterence 
(e) resistance 


What ica multimeter? 
State an instrument used to measure 
(a) engine rotational peed 


(0) continuity and istlaton testing 
(e) electical power 


State Oban’ 


Give one example of 
(a) inca device 

(0) anolinca device 

Stat the meaning ofthe following ablevi 
ions of prefixes wed with elzcial uns 
Qk OH em iM 
‘What ica conductor? Give four examples 
‘What an insulator Give four examples 
Complete the fotlowing sterner: 


"Anatoneterhas a. resistance and must be 
connected. with the loa 


Complete the following statement 
"A volimeter aa. esac and mat be 
enneced wae la” 


Stat the unit f electrical power State hee 
formulae wed 1 calelate power 


State two units wed for clcrcal emery 


State the twee main effets of an elec 
urea aa give two examples ofeach 


‘What isthe funtion of fase in an let 
calcul? 


Exercise 10. Mult-ehoice problemson the 


= 


introduction to electric circuits 
(Answers on page 420) 

ys is equivalent 

(a) 006 4) 0000065 

(6) 1000einutes (a) 065 


‘The eurene which flows when @.1couloms 
{steanfered ia 10m 


ayia (oy 20a, 
(e) 10ma 100m, 


‘The pa applied oa Lk resistance in onder 
‘tha eurtet of 100A aay Hw i 


Iv @tmVv «aly 
«ay 10v, 


Which ofthe following formulae for clei 
cal poverisincomet? 


i ve 
ov m2 ore wt 
ym we ot 


‘The power dissipated by a resistor of 492 
when acurent of A pases dough ti: 


(a) 625 () 20W 
aw ca) 100W 


Which ofthe fllowing statements is te? 

(2) Blectrccutents measured in volts 

(b) 200E2 resistance is equialeat 
ama 

(6) Aa ammeter has low resistance and 
‘ust be connected parallel with a 

(a) Aa electrical inultor tus a high 


‘A uteat of 3A flows foe SOm tough 
‘62 esi The energy consumed by the 
(a) 09kWh ( 274Wn 
(© 9kwn (a) 2764 


‘What ust be known inorder o calculate the 
‘nergy used bya clecicl appliance? 

(a) voltage and cueat 

(0) cusreat and ine of operation 

{) power and tine of operation 

(@) cureat and resistance 


Yollage drop isthe: 
(a) maximum potential 


() difeeace in potential between two 
points 


{ey Sollage produced by a source 
(0) oltage atthe end ofa ica. 


A2MOV,60W lamp hasa woekingresitance 
& 


(2) 400m (©) ob 
(6 960 (a) 325ehm 
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Ma esas 
Tis ch cn open fa 92 erro 
pb ining ih mele ig veto entree 
Oro oa wis ecm aeees 

12, The energy used by a 1.5kW heater in Seer an ees 
ae 
ost sos 


fe) 75003 1) 4500003 


Chapter 3 


Resistance variation 


‘Athe end of his chapter you shoul be ale: 


“¢recogaize duce common methods of resistor constuction 
‘+ approve that eletia esistance depends on fur fats 
‘+ appreciate that resistance R= pla. whesep isthe resistivity 


“+ secognize typical values of esistty and its unit 
‘+ perform calulations using R= pl/a 

“+ define the temperature eoeicient of resistance, 
‘+ recopnize typical values fora 
‘eperfnm calculations using 


tae) 


"© determine the resistance and tolerance of Hed resistor fom itscolou code 
"© determine the sesistnce and tolerance of xo resistor fom its eter an digit code 


‘Thereiea widerange fessor ypes, Te ofthe most 
omumon methods of enstruction a: 


(Wire wound resistors 


Alength of wise suchas nichrome or mangain, whose 
‘esse value per unit length i kno, ca the 
‘ested value and wound around a cera former prior 
tw being lacquered foe rocing. This type oF esstor 
asa age psi sie which sa disadvuatage bow 
ever, they canbe made wih high degre of accra. 
nd an have igh power rating. 

Wie wound restos ae ated in power cleus and 


{i Metal oxide resistors 


‘With metal oxide esstor a thin coating of patina 
is deposited om a glass plate: tis thon fie and 3 thin 
‘Wack etched outs the tly enclosed ian ute 
tube, 


‘Metal oxide resistocs ae used in electron esl 


{ili Carbon resistors 


‘This type of resistor is made from a minute of eat. 
tom black sein binder anda refractory powder that, 
{5 pesed into shape and heated in ail 1 fern a 
Solid fod of standard length and width, The wesisine 
Yalu is pretermined by the ratio of the mature. 
‘Metal end connections are ciped oat the sod 1 a 
connecting points fo elecwval creuity, This ype 
fof resstr is small and as poduced cheaply as 
nied acuray and alow power fatins- 
Caton resistors ae used in electron eqelpment, 


2. Resistance and resistivity 


‘The tesistance ofan loctical conductor depends on 
four factors, thse being (a the length of the conduc 
tor tb) the cross-sectional area ofthe conducts () the 
ipe aT material and (4) the empeature ofthe mate 
Resistance, Ass duellypropetional ws length, 
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‘conductor. ext Ths, for example. ithe length of 
‘poss of wits doubled, hen he sistance doubled, 
Resistance, A. i iaversely propoional 10 ex 
sectional aes a, of acento 12. Roe 1/a- Ths, fe 
‘example, ifthe cios-ectionl area of pee of wie is 
‘ued then the resistance salve 
ince Rec! and e/a then Roca BY iaseting 
‘onstant of proprtioality it this tlaonshipetype 
‘of matesia used maybe taken into scout. The 
‘tant of proportionality isknown asthe resell ofthe 
teil ani given the symbol (Greek rho). Thus, 


iota ain 


is measured i ohm metres (an) The vale of the 
‘esi isthat sistance af aaniteube of he mate 
measured between apposite faces of the cube 

‘Ressity varies With temperate and seme yp 
teal values of ceive mexsured at about 100, 
Temperature ar ie Below 


Coppes 1.7% 10°F (or 0017.2) 
Aluinium 26 « 10-* an (oe 026.00) 
Caron graphite) 10 x 10-*22m (1042) 
Guus 1 10! mr 10°.) 

Mica | 10!€tm (or 107 21m) 
Notethat soo condtorsofelectiiy have alow value 


‘of resistivity and good insulators have a high slue of 
resin 


Probes 1, The rsiance of a Sim length of wite 
{s 60002. Deenine (a the sistance of aa 
Tenth ofthe sae wire and (6) the length ofthe 
same Wire whe the resistance is 4200 


(a) Resistance, fis dtl proportional olngth, 1, 
fe, Rail Hence, 6002a5m or 600=(h)(3). 
‘whet i he coeticet of peoportionliy 


oo 
ence, t= 92 = 120 
When the length 1 is am, then resistance 
=U =(120)8)=9600 


0) When the resistance is 4209, 420 
which 


foo 


‘Problem 2A pace of wit of eros-setional 
ea 2 bas vesistance of 300 F(a) the 
‘sistance ofa wie ofthe same leggth and maternal 
‘tthe crstsctional aca is St, () the 
‘osesectional ea of a Wite of he same length 
‘au material of resistance 750.2. 


Resisuace  isinerslypropoctonl cos st 
yeaa. ie Redl/a 


Henge 300822 mn? 03004) (2) 


‘hom which the coefclent of propoionaiy, 


A300 2600 
(2) When the coss-sctionl aea a=Sins then 
(ocd) = (6004) =1209. 


(Note that resistance has deceased atthe cous 
sectional i ineesed 


(©) When the resistance is 780 then 


(3) 


150. 


fom which 


ose sectional re, 


Ose? 


Prublea 3. A wit of length im and 
sss sectional aes Sinan has a resistance of 
(0.1602 the wit is dawn out unite 
sssssetional ates Laan? determine the 
resistance ofthe wit, 


Resistance is distly proportional wo length and 
‘versely proportional othe cross sectional ae 


Recl/a o1 R=K/a), where kis the coefcent of 
proportionality. 
Since R=0.16, hen 0.16 (0)8/3), 


‘hom whic 6 
I the cross-sectional area is reduced 10 1/3 of its 
orginal aea thea the Seah mst he wile 33, 


nao(3) tase 


Now rsiance 8 


‘Problem 4. Calculate the resistance of km 
length of aluminium overhead power able ifthe 


Fesitance vation 23 


rosssetinal aa of the cables 100002. Take 


Length /=2hm=2000m, 
sea 100mm = 100 10-6? 
San seit p 003 » 10-2, 


nassnce Ro 


(003 10-822) 2000), 
eT 


‘nn, of a piece of copper wie, 4m in length and 
having a existance of 0.250, Take the esis) of 
copper a 02 10-*C. 


Resistance R= p/a hence ess setioal wea 


10-2400 
® Ta 
210" ne 


(3.2 10° 10m 


32mm" 


robles 6 ‘The resistance of 1 Skim of wit of 
oss setinal are 0.17 is 15002, Detennine 
the resistivity ofthe wie, 


Resisunce, R=pl/a hence 
Ra 
resisivity p= A 
(4500)0.17 «10-4 
Tsay 


oor x80, 
or O1T Om 


Probie 7. Detemine he resistance of 1200, 
‘of copper able having a diameter of 2am ifthe 
esisiiy af eopper is 17 10-*2m, 


(Crox-setiosl tea of able 


=) 


6r 10°F m 


exercise 11 


* 


Resistance & 


(1710-40 120000) 
Tay 


Ie 


Dx 


TO x 36a 


Lax 
er 


[Now try the following exercise 


Further problems on resistance 
and resistivity 


‘Therexstunce of a2mlengthof ables? 52, 
Determine (a the estan of a Ta lenght 
‘the same cable and () the eagh of the same 
tite when the resintance i 6.250 

(a) 8750 0b) Sem) 


‘Some wie of cross-sectional area Ia has 
‘resistance uf 2002, Determine (2) the ess 
tance ofa wite ofthe same length and mera 
ifthe cross sectional rea isn and (the 
‘crossectional area of a wite of te sume 
length and material ithe resistance i 322. 
(ia) 52 ()0625m0°), 


Some wite of length Sm and crosssctional 
‘nea De? has vesintance of 0821 the 
eit i drawn out nti it crostsetiona rca 
Fete termine he resistance ofthe wie 

029) 


Find the resistance of 190m of capper ele 
‘ofcroee-ctional area 20m Take theese 
tivity ofeopper asym, [O8D) 


‘Cael he cross-sectional area in m2, oF 
apiece falumiaiuca wie 10 ong and a= 
Inga resistance of 2. Take the resstiviy af 
sluinivn as 0033 10-42m, 

sma?) 


‘The esiaance of SO0m of wite of cose 
sectional wea 26am? ie $2 Determine the 
resnvity of the wie in Sm, 

(0.02542) 
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Find the resinance of 1hm of coper cable 
having diameter of 10 if the texstivity 
copper is 0.017  10-SStan 


foarsa) 


ln genoa asthe temperature of a material increases, 
owt conductors increae in reitance, insulator 
decrease in resistance. whist the resistance of some 
‘Special alloys emain almost constant, 

“The temperature coefficient of resistance of snate- 
vial fs the Increase inte resistance of 12 resistor 
(ofthat material when i is subjected to a sse oft 
perature of °C, The shmbol used foe he temperature 
‘oefceat of esistnce eo (Greek alpha. Thus, if 
some copper wie of resistance 1 is bested though 
IFC and its esstance i then measured ae O32 
then ¢=040043.2/0°C for copper. The units are use 
ally expresed only as “por °C, Le. @ =00013/°C 
for copper Ifthe 102 resistor of copper is heated 
‘tough 100°C then the resistance at LOI"C Would be 
1-100 0.0083 1.430. Some pica value of ex 
perature coofcien of resistance mented at OPC are 
sven blow 


Copper .0083/"C 
Niel .0062/°C 
Constactan 0 

‘Aluminium —(.0034/°C 
Carbon —0.00088/"C 
ura 0.00001/"C 


(Note hat the negative sign or eatbom indicates that its 
resistance falls with incease of tempat.) 
I ihe rxiance of a material st °C fe known the 
resistance at any over temperate can be determined 
from: 

Ry=Ry(Ltew) 


where Ry = resistance °C 
‘Ry —tsiatance at temperature °C 
ay =temporatuecoeticiatofesistnce at 0°C 


Problem. A ei af eoppr wie has a resistance 
of 1008 when ts temperature 0°C. Determine is 
resistance at 10°C ifthe temperature coetivient of 
‘esatance of copper at O°C is 0048 /°C 


Rolt-+an8). Hence restance at 


Bug = 101 + (02.0043)70) 
10{1 +0301), 


101.301) = 130A 


Problem 9. Ap aluminium cable has resistance 
of 27 2at a temperature of 85°C. Determine its 
resistance at °C. Take the iempeatrecoffiient 
of resistance at 0°C 1 be 0.0088/°C. 


Resistance at #°C, Rs = Ro + uo), Hence resistance 
awe, 


” 
TT 
To 

a 
Ta 


23839 


Problems 10. A carbon esitor has a resistance 
of EO at °C Detenine its resists at 80°C 
‘Assume that he temperate ceticient of 
‘esistance for earba at O-C i 0.0005 °C 


Resistance at temperature 8°C, 
Ry = Rall +48) 


100 + (11.0005)(80)), 
1000{ 1 — 0.040) = 1000.96) 


I the resistance of material at rom temperature 
(approximately 20°C), Ray an the temperature coe 
fcjeat of resistance at 20°C. ay, ate know then the 
‘esistance Ry at temperature #°C is given by. 


R 1 


al be 


Prubleas 11. Aoi of copper wire has a 
resistance of 100 a 20°C. the temperature 
filet of resistance of copper at 20°C is 
(8.004/°C dteeine the resistance ofthe cod 
‘when he temperature ses to 100FC 
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Resistance a °C, 
Bo = Rall +a —20) 


Hence resistance 100°C, 


‘Rg = 1001+ (.008)(100 20) 
(1+ .004)(80), 
1 +032) 


12) 


nae 


Problem 12. The resistance ofa cll ot 
lini vice t 19°C +2000. The temperature 
‘ofthe wits ir increased and the resistance seta 
‘HOO Ite temperate coetficieat of sistance of 
luminiun is 10039/°C at 18°C determine the 
Tenperaute to which the col as risen. 


‘Lethe temperature ise i °C Resistance a #°C, 


y= Rall tal 18) 


240 = 20011 + (0.0089). —18)) 
240 = 200-+(200)0.0030) 19) 
200 = 0.280 — 18) 
7810-18) 


18, fom which 
12H f= ov2ere 


‘the resistance at OFC i ot known, fat known 
a some other temperature then he resstnce aay 
temperature ean be found as fllows 

B= Roll teh) 
at y= Rl +f) 


Dividing ne eyustion bythe abe ives: 
Ry _ Abe 


Tras 
sistance at temperate 


whee Re 


Problem 13. Some copper wite hata resistance 
of 20082 20°C. A cuntent is passed tough he 
‘we ad the temperature ise 0 O0°C. Determine 
the resistance ofthe wie a 90°C, coe the 
east of, suming that he 

ficient of esistance Is .004/-C at °C, 


ay =2000. a =0.004/°C 
ay _[1-+a0020)) 


a Bey > Tra) 


Hence 

Rol l-+ 900) 

Ter 

200(1 900.0089) 
T2000] 

001 +036) 
T+O0RT 

20041.) 
Ty 


fo 


Asa 


Lethe resistance athe wire at °C 152829, cect 
‘oe nearest ohn 


[Now try the following exercise 


Exercise 12 Further problems on the 
‘temperature cooficient of 
resistance 

1, Acai of sluninium wire has a resiaance of 

502 when is temperature s 0°C. Determine 
iterexstance at 100°C ithe erpeature coe 
ficient of vestance of aluminium at °C ix 
oonse (60a) 


2. A copper cable bas a resistance of 3002 at 
4 exper of 50°C. Determine is ress 
{ance af °C. Take the temperate eset 
‘of resistance of copper at "Cas O0083/°C 

[2ea99} 


23. The temperature coefficient of resistance for 
ceubon at OFC is —0.00018/°C. What is the 
‘Sinifcance of the minus ign? Acarbon ese: 
torhasaresstance of S00 20°C, Determine 
iteresinance a SIC. 880) 
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A. coll of copper wie has a resisance of 
200 w 18°C. If the temperature coefficient 
of resitance of copper at 18°C is 0.004/°C, 
Aketermine the resistance of the coi when the 
temperature ues 0 99°C 640} 


‘S. The resistance of coll of nickel wire at 

20°C is 10002 Te tenperatre ofthe wite 

is inreaed and the resistance tises 101300. 

the empertureeaefcient of resistance of 

nickel is 1006/°C at 20°C, detennine the 
temperature to which the coils rien. 

wre) 


{6 Some suniniun witehaea resistance of 5002 

120°C, The wits heated toa temperature 

Sf 100°C. Determine the resistance ofthe 

‘vgs a 10°C. assuming hat the temperature 
efit of reise at OFC i 0.008/°C. 

(e1sa} 


7. A copper cable is 1.2km long and has a 
troxxsectiooal asa of Sm?, Fld i eit- 
tance at HOC Hf at 20°C the esistiviy of 
coppet is 0.02  10-* Se and its temperate 
efit of estan is .004/°C, 

(5959) 


A Resi 
ob 


or colour coding 
je valu 


(a) Colour code for fixed resistors 
“The colour code for fixe esistrs is given in Table 3.1 


(i) For fourband fed resistor (ie. resistance 
‘aus with wo sgafeae gure) 

Spllow-vilet-oange-edindates 4701 with & 
tolerance of 22% 

(Note that he st hand isthe ane nearest the ead 
ff the resistin) 

For a fivehand faed resistor (ie, resisunce 
lus with these siguicant igre: yellow 


white orange- own indicts 2040 witha tle 
ce of 215 

(Note hate hth hands 1.5 2 nes wide than 
‘he other bands) 


Problemy 14 Determine the valu and tolerance 
of aesstor having a colour coding 
orange-orangesiyer-trown. 


re 


“The fist ro bands, ie. orange-orange, give 33 rom 
Table 3 

“The thin ban, iver. iicate ampli of 108 from, 
“able 3.1, which means tat he value ofthe resistor 
x 107-059 

‘The fourth band, i. brown, indicates a tolerance 
of 1% fiom Table 3.1. Hence a colour coding of 
frango-oangesilverwown tepresens a esist of 
‘alu 03392 with tolerance of 1% 


Problem 15. Determine the yale and tolerance 
ofa resistor having a colour cing of 
Towa black- brown 


“The fit two bands, Le, browm-black, give 10 from 
Table 3 

“The this ban, brown, adistesa multiplier of 10 som 
“Table 3.1 which means that the vale ofthe eit i 
ox 10=1008 

“Theres no fourth band colour inthis case; hence, fom, 
“Table 3.1 the olrace is £204, Hence a colour cod 
‘ng bov-black own pesos a essa of Yale 
1008 with a tolerance of 220% 


Problem 16, Between what two values should 
a esistr with colour eading now lack- 
Twownslver ie? 


From Table 3.1, own-blac browser indices 
10 se10, 12. 1008, with a wlerance of 10% 
‘This means thatthe vale could ie Between 
100 — 10% of 100). 
oa (100+ 10% 9 100). 


ie. brown-black-hown-siver indcaer any value 
Detween 90S and 110.2 


Probe 17, Determine the colour ending fra 
ATLA having atolerance of 5% 


From Table 3.1, 474047 107 har w colour coding 
‘of yellow-volet range. With a tolerance of 5%, the 
Four band wil be old 

Hence 4740-£5% hs a colour coding 
yellaviole-orange-gold 


Probl 19, Deter the vale and tolerance 
of aresstor having a color coving of 
‘orange green zed-ellow- brown. 


‘Onnge-green-zed-jellow-brown is a fve-hun fixed 
sesstr and fn Table 3.1, ideas 382 10" wih 
‘tolerance of 1% 


392 103526 10D be, 352M 


Hence orange-seen-sd-yllow-town, 
SIME 


indices 


(b) Letter and digit code for resistors 


Another way of ating the value of resistors isthe 

leer and dit code shown ia Table 32 

‘Tolerance isindcsods fellows: F =41%, 622%, 
“$59, K==10%6 and A= 20% 

‘Thus, forexanpe, 


REM =0.3302206 
ARIK = 470 10% 
200k = 3900.45 


Problemy 19. Deter the value ofa esistor 
marked as 6K. 


19 1R0 
va me 


From Tale 32, 6KSF is eyuyalnt to: 68KSE1% 


Problem 20, Determine the value ofa esisor 
sparked as AMM. 


rom Table32,4M7M is equivalent: A7 MO-420% 


Problem 21. Determine the letter and digit code 
for ressioe having a value of SKE 10%. 


From Table 3.2, 6402 10% hav alter and digit code 
ot 66K 


[Now try the allowing exerts 


Exercise 13. Further problems on resistor 
colour coding and ohmic values 
1 Determine the valu and tolerance of eee 


tor having a colour coding of: blue-srey- 
ranged four) 


= 


Determine the value and tolerance of resis- 
torhving a colour ending af: yllow-volet- 
old 

[4702208 


3. Determine the value and tolence ofa ese 
or having a colour caing of blue-white 
‘lack-blck-pold [ooass) 
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4. Determine the colour coding for a $1k A. tthe resistance ofa metal a 0°C is Ry, Ry is 
{our-band resistor having tolerance of £24 the resistance at 2°C and a isthe temper 
faveet-rown-orange-ed) ture coelfcent of resistance a O°C then 

', Duterminethe colour coding fora Mou % 


bn esitor having a tolerance of 10% 9. Explain bety the colour coding oa resistors 
[brow n-back-gcensiNer] 
10, Explain biey the leer and digit code or 


6 Determine the range of values expected fra a 
resistor wih colour coding: red-lck green 
‘ver [h8Mow22Mo 

7. termine the range of yes expected for 
‘vesitr with colour coding: yellow-black Exercise 15 Multichoice questions on 
feangetown (BPSK A04ED] resistance variation 

48. Determine the value ofa resistor masked us Georerrco pose <2) 
(2) RNG () ARTF 1. The uit of resistivity 

[ay0222226 aTkOE 1] G) ohms 


9, Determine the leter and digit code for a (0) ohm tine 


resistor havinga value of 100055 (6) ohm mete 
iu00xa (@) obmvnene 
1, Determine the later and digit cade for a ‘The length ofacenanconductorof resistance 
‘esstorhavinga value of 68MO.= 20% 1006's doubled and its cross-sectional ae 
Teste) Tshaved ls new resistance 
fa) 02 () 2002. 
(© 92 (a) 4002. 
Reariza 14 | Short serer questions on: 3. The resinance of & 2han length of cable of 
feshiaecs sation roxeacctioal area nn and resivity of 
1 Name de ypesof resistor construction and 2410} omis, 
state one practical application ofeach @) aoa () 200 


2. Name four fctrs which can effect the resi- fe are (ham 
tance ofa conducior 4. ploce of srphite his a eross-sectonal area 


‘OF Han? ets resistance fe 0.192 and ts 
3, the length of piece of wite of constant 
oss sectional ae shale. the resistance fie cet Sus i 


ofthe wine ie f) 10km (by tem 
©) 101m ia) 10m 

4. the ersssetional ava of certain length 8 pa 
ofeable ic tuebed the resistance of the cable 5. Thesymbol forthe unit of temperature coet- 
is eat of sistance is 

S, What fs resstvity? Stat ts unit and the @ arc oo 
symbol used woe (a) gare 

6. Complete te following 6. Acoilorwire has a resistance of 102231 0C, 


‘te temperature coeticint of resistance for 
(Good conductors of electricity have a 
ale of resistivity an god insults have Dewees OOM: itera ONC 


svalu a sistiity f os @ 149 


7. Whatismesotby the temperature coetcent eine: (aged 
of resistance? State it units and the yi 7. A sickel coll has a resistance of 13 
we 1 SPC, IF the temperate conicint of 


Resistance vation 


resistance a 0°Cs0.006/°C. the resistance a 
rei 

fa) leva (0a 
(830 (@ 010 

[A colour coding of red-vilet lack on 
‘essa indiates a value of 

(a) 27a220% 2700 

fe 2ons2% (a) 27410% 


9. Avesisormarkodas 4K7Gindicuesavalueat, 
(@) 4705208 (by ATED 
(© OaTas106 (a) ATED 


Chapter 4 


Batteries and alternative 
sources of energy 


| Atte end ofthis chapter you should be ale: 
“+ ist practizal applications of bateies 


“understand clecuolysisand its applications inluding electopating 


“+ explain crosion and itseffects 


|¢ defne te terms ex, and interna sistance cll 


“explain the consinction un practical applications ofthe Leclanch, mercury, lead-acid an laine cells 
“lists advantages and disadvantages of alkaline cell over lead-acid els 


“6 understand th te ‘el capacity and te is ait 
“+ understand he importance of ae battery dsp 


appreciate aantages of fel cells and ther key future applications 


4.1. Introduction to batteries 


‘A turtry is device that emertschemleal energy 

decries. IF an appliance is placed Between is 
‘woinals the cuneatgenecated wil power the device. 
Bates ata indispensable tem foe many eleewonic 
‘evices and ae essential fo devices that equte power 
‘when nomins power isavaable- For ean, without 
thebattery, there woul he no able phones or lptop 
computers 

"The batiery is naw over 200 yet old and ates 
ar Tounalmost everywhere ia coasunerandiandusat 


‘understand the implications of altemative energy souees and state Bye examples 


products Some petal examples wher haters ae 

ted include: 
in apps, in cameras, in motile phones, ia 
cars, in watches and clocks, fo security equip 
‘men, n electron meters, foe see aaa fo 
motets used to read yas, water and eleetcity 
oneurpton at home, a power a camera for an 
nudoscope looking itso tthe oda for 
transponders us for tll collection on highways 
ouphouthe wo 


Bares tendo split ino to esepories—pelmary, 
Which ae not designed wy be elecuicallyre-chaged. 
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‘ie, te disposable (se Section 4.6) and secondary 
Daiteries, which we designed to be eehaged. Such 
those used ia mobile phones (sce Section 47) 

nme vecent years thas boca ecesary 1 design 
‘hteres with educed siz, hut with nese espa 
and espaciy 

‘at application gute small size a bigh power 
ten the SV batery is used. I longer Kleine is 
‘euted then the 31036 hater swe Lathe 1970s 
the 5 manganese tery vas praualy replace by 
‘alkaline batter. Silver ode batteries were seal- 
tly introduced inthe 1960s and ace tl the prefered 
technology for watch bartoistoay 

Lithium-ion batteries wer induced in the 19708 
‘ecaase of the need foe longer Iti applications 
Indeed, some such hares have Been kab 1 last 
well ote 10 years hefoee replacement, a characters: 
‘ie that means that these hatte reall very teh 
in dena today foe digital cameras, and Sometines 
for watches and computer eloks. Lituun baenes 
‘ae cape of delveing high cuments ut tend tobe 
expensive, 

‘More ies of htteies and their uses are Usted ia 
‘uhle 2 on pe 37. 


Ameya must contain charged parties tobe alee 
‘conduct elect cure. In salle the cutea is cated 
by eectrons. Copper, lad aluiinim, om and carbon 
se some examples of old conductors, In igus ane 
‘ses, the cutent is cared by the part of a molecule 
‘hich bis acquired an electic charge, called fons, 
‘These can poses a positive or nepative chase, and 
samples include hydrogen ion H¥, copper on Cu" 
fd lydoxsl ion OH Distilled water contains 20 
fac and ia poor conductor of electricity, whereas salt 
‘ater conti fons and i a fail good conductor of 
lectriciy, 

"Electrolysis the decomposition of a liguid com 
pound by the passage of electric euteat tough i 
Practical applications of electrolysis include te ele 
‘wopating of mls (ce below), the sting of copper 
sn the extraction of luiniu fom is oe 

"Aa electrolyte isa compound which will undergo 
clecuolysis. Eumples include salt wats, copper sul 
‘phate and sulphuric aid, 

"The electrodes ate the two conductors carrying eu 
‘ent nthe electolye. The positive-<cmneciedsectode 


scaled heanode and the negative connected electrode 
the eathode. 

‘When two copper witescoanete 10 a Hany are 
pled ina beaker containing a alt wate solution cur 
‘ent wil ow though the solution. Ai bubbles appa 
‘round wites asthe water changed into hydrogen 
Saul onygea by clectnlyss 

Electroplating wes the principle of elestioyss tn 
spp athia cout of oge meta apotber set Some 
practical applications clade the tin-plating of sel, 
Slverplaing of nickel alloys and conan plating of 
Neel. I wo copper electrodes connected to. batry 
se place i a hesker containing copper sulphate asthe 
‘eetolyte tis found thatthe cathode Lethe electrode 
onnouted to the sepaive tenia of the bey) gains 
‘copper whit the anode lowes copper. 


43. Thesimple cell 


‘The purpose ofan eect ell cto convert chemical 
energy nto cecricl energy, 

‘sme cel comprises two dissin condor, 
(cleczodes a an eloeuolyc, Such ell shown in 
Fig 4.1, comprising copper and zine electndes, AN 
lectric current is found tow between the elestodes. 
‘thes posible electode pisses including neead 
aadnc-ion. The elecuode potential ie.the pd. mea 
Sure between the elecwodes) vals fr each pat of 
‘nota By knowing the em ofeach metal wit espect 
{some sandanelectode, thee, of ny pair of et 
ale nay be deternined, The andar se is the ye 
bea elecuode. The electrochemical series i a way 
‘of listing elements in onder of electrical potential. and 
“Table. show a numberof elements in such a sre, 


Figure 


na slope coll two falls exist ~ those due t9 
polarisation and loa action, 
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“Tle 41 Pat af the elect 
chemical series 


sodium 


[| 


ead 


Polarisation 


the simple cal shown in Fig, 4.1 i et coaneted 
for some tine, the cusent J deseases fy apy. 
‘Thiet because ofthe forition ofa fla of hydrogen 
Iubbles onthe copper anode. This effect is known 3s 
‘he polarisation ofthe cll. The hydeogen prevents fll, 
‘contact between the copper electrode und te electrlyte 
fants increases the ternal esiance of the cell The 
fect canbe overcome by using a chemical depolaes- 
ing gent or depolaise, ch as potassium dichromate 
which eaves thehydlogen bubbles asthe fem. This 
‘lows the cll o deliver a steady current, 


Local action 


When conmecial inc isplaced i dilute sulphurie ac 
Iyogen gas berated fom it and the zine dissolve. 
"The reason for hii tat impasis, such as traces of 
ina. are prevent inthe zinc which setup sal primary 
cells withthe zine. These small ell ae short-cited 
byte elecolye, wth hers that localised currents 
flow causing comosin. This action is known 3s loeal 
action of the cell. This may be peeveted by rubbing 
4 small amount of mereury on he zie surface which 
Forms a peotective layer 00 the surface ofthe electrode 

‘Wheat to metals age used in simple el the eles 
‘wochemial seis may be used oped the behaviour 
ofthe cll 


(8) The metal this higher in the serie as as the 
nopativeelecuode, and vie vss, For eagle, 


the zine electrode in the cell shown in Fig. 41 it 
negative and the copper electrode s posite 


(il) The preatr the separation in the series between 
the two metals the greater isthe ean produced 
by thecal 


“Theelecuochemical seis irepresentatve ofthe order 
of eacvity ofthe metas aad thei compous 


(i) "The higher meal inthe series react mee realy 
with oxygen and vice-sesa. 


(il) When two metal electrodes are used ina ipl 
coll the ope that is higher i the seis tends to 
“issove in he electolt, 


Corrosion isthe gral destruction of a meta ia 
damp atmosphere by meas of simple ell sctio, In 
‘ation to the peesence of moisture and air requied 
for rusting. an eleevolyte an anode anda cathode are 
‘eauird for corrosion, Thus, if mtale widely spaced 
{nthe eleewochemicalsrcs are used i contact with 
each ether inthe presence ofan electrolyte, coroion 
‘will occur For example, if a base valve iSite to 
‘eating system made of tc, consi wil out 

"The effects of corrosion iaclude the weakening of 
steetures, the eduction af the lie of components and 
‘materia, the wastage of materials and the expense of 
replacement 

‘Corosion may be prevented by coating with pai 
‘reaps coatings and enamels, o by plating with 
tin or chromium. Also, ion may’ be galvanised. Le, 
plated with in, the layer of zine hepato prevent 
{he ion from coring, 


45 Emd. 
ofa cell 


nd int 


“The electromotive fore (eam), of ell isthe pl 
‘etween ts teminals when its mot connected to a oad 
(Ge-the cll no lo 

“Thee of ull is measured by ning high reste 
tance volmete connectedin parle withthe ell The 
‘voluncter must have high resistance eerwise wll 
pass curtent and the cell will ot been no-load. For 
ample, i the wesistance’ of ell 122 ad tht of 
voltmeter IM then the equivalent esiance ofthe 
Sicuits IMO 10,42, approcmuely 1M, hence 
‘ns current ows andthe cel sno ade, 
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‘The voltage available atthe teil of cel falls 
when alos conaeced This caused by tetera 
resistance ofthe cll which i the apposition of the 
‘atria ofthe cell to the ow of eure The ternal, 
fesstance acts in series with ater resistances ia the 
‘Sncuit. Figure 42 shows cll of emf. & vols and 
Tera esistnce an XY represents the terials 
sf thecel, 


Figured 


‘When lad (shown astessance A) ismatconnete 
snocunest ows andtheterinal pa, VE. When Ris 
‘connected acuren J fows which causes avolage drop 
lnthecell given by J. The pd available at the ell er 
nals is eas than theca the cll ais given by 


Veer 


‘Thus if a batery of ext 12 volts and internal 
sevistance 0.01. delves a cutet of 100A, the te 
‘minal pa, 


— (00,001) 
Ww 


‘When diferent values of potential diference ¥ 
scost ace or power supply ae measured fo diferent 
"alucsofcurent a graph may be pleted as shown in 
Fig. 43. Sincethecan. E ofthe call orpower nippy ix 
the pad eos ts lerminals on noloal (i.e. when! =O), 
then E as shown by the broken Lie 


Figures 


Since V= E — Fr then he intemal eitance ey be 
calelaed from 


‘When a cunt is owing inthe diction shown in 
Fig. 42 the elie said oe dlscharging (2 > V. 
‘When w cute flaws in the opposite disci to that, 
shownin ig. 4 2thecllissaidt becharging(V >), 
‘A battery is combination of more than one cel 
‘The cells in a battery may be connected in series or 
inparle, 
(i) For ells connected in series: 

‘Totaleans. = sum ofcellsemts 

“otal internal resistance 
(i) For cells connected in parallel: 

AF cach cell has the same es, and intemal 


sf cele internat 


‘Toalemns. =e. of one cll 
“otal ieteral resistance of cells 


> iagmal resistance of one ell 


Probes 1. ght cells each with an intemal 
resistance of 020 and an emf of22V ae 
onnoeed (aa ses, (bapa Determine 
the ea and the internal resistance of the bateies 
so fonned. 


(2) When coaneted in seis, walem 


sun of cell's eam 
2248-176 


‘Tlie existance 


son of cel’ otra existance 


O2xk=L6 
(©) When cousected in parle, total ean f 


eau of ane cell 
=n 
‘Total intemal existance of 8 cells 


1 
4 <itemal sistance of one cell 
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aA aaa a en cone te ot 
(0020 and an ean. of .0V. Calculate seminal 
pa. ifdlivers (a) 5A (0) 0A. 


Curent 
G@) Terminal pd. V 


call, = curren owing and = internal ress 
tance of ell 

B 

Hence terminal pa, 

V=20-(s)(002) =20-01=19v 


(b) When the cuentis $0, inal pa, 


v 20~ 50002) 
le V=20-L0=10¥) 


E-I 


igure 
‘Thus the termina pd. doceases asthe cure 
ray increase, (b) Pal ar hatery rials, V 


be V=15—(025)2) = 48V 


Eat 


Probes 3. The pal atthe terminal ofa batery 
is 25V when no lad connected and 24V when 8 
Toad aking 10 is connected. Detesnine the 
‘ntesoa sistance ofthe hates 


[Now try the following exercise 


Exercise 16 Further problems on ems. and. 


‘When oo Joa s connected the eof the hatery, ercheol crores 
‘sequal to the terminal pa, Vite. E=28V 1. Twelve coll exch with an internal esistance 
‘When curent = 10A and ternal pal (F024 22and an ean. of 15V are connected 
(a) in series) in parallel. Determine the 
24, then Y= =I ‘eau and inera resistance ofthe bareries 
ie. 225-10" safe, 
[ie) Y, 2880 0) 15,0029) 
Fedee cna, te 2. cells an intemal resistance of 0030 and 
My =25—24=1 ‘nem. of 22, Calculate as terminal pif 
itdeliver 
nd the interna sistance, (9) 1A (20 (©) 50A 
dene 1a) 217 V 4b) LOY (610.7V) 
Ww 3, The plat the tenminal a baer i 16V 
when na Joa is connected and 14V when a 
Ce REAR eT Toa aking 8A is connected. Deternise the 
‘internal sistance of 0.20, reconnect in scries intemal resistance of thebaery. [0-252 
toaload of S82 Determine (a) hecurent Mowing 4, aery of emf. 20 a intemal resis 
{nthe cicuitand (bythe pd athe bates) terminals ‘nce 0.2 supplies aloud aking 10. Deter 
tie the path baer terminals and the 
(a) Forten calls, brtery ems, E=1 1515, fesstance of he load. TV. 189) 


ett intemal sistas, =10 %0.2=20. 
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5. Ton 2.2V cells cath having an tema ress: 
tance of 0.109 are connected in ster 10 4 
load of 21.2. Determine (a) the eurent fo 
ingia the ie andthe pa. athebatery 
terminal Ta) 14.@)21¥] 


(6. Foe the circuits shown in Fig. 4.5 the ss 
tors sepesent the intemal resistance of the 
batteries, Ftd in each case! 

(0) theta emnt across PO 


Gi) thototl equivalent itemal resistances 
‘tte bateries, 


Hi adev @2Vdi wae 0250) 


‘ne exhausted Example of primary cll include the 
{eslance ell andthe mereuy ell 


Lechlanché cell 


Atypical dey Lechlanchd ellis shown a Fig. 46. Suc, 
‘call hasan ea of about LV when new, bat his 
falsrpidyitin comtinuoususe du w polarisation The 
Inyeogen film onthe cabon elecwose forms faster han 
an be dsspsted hy the depolaise. The Lease 
falls atale nly for inferminent us, applications 
‘cluding trees, tansistr ris, bells ator et 
fs, gs lights, contolliag switch gen, and 80 00. 
‘The els the mot commoaly use of pinay ells 
heap requisite maisicnanee aad has asbell ie of 
shout yeas, 


8 a 8 
ev io ‘Mercury cll 
A typical mercury cll is shown a Fig. 4.7_Sueh a cll 
he an ean of shout 13V which remains constant 
8 2 for elavely long tine. Is main advantages over he 
a Leshlanché elit smaller size and its long abel 


7. Thevolageatthetrminals af ahateryis52V 
‘when no Toad is connected and 48.8 when a 
loadtaking80seonnected Fisheintertl 
resistance ofthe hater. What would be the 
terminal yote when loa taking 204 is 
seonnected? toa, 512} 


4.6 Primary cells 


Primary cells cannot be recharged, that isthe som 
‘esson uf cal energy ao elcica energy i 
‘erable onthe cel cannot be used once the chemicals 


ie. Typical practical applications acu bearing ads, 
smal electronics, caters and for guided sales, 


repactsmny 


— ray pet 


‘pec 


Figure 
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47. Secondary cells 
Secondary cells can be reehgo afer we thas the 
‘conversion of chemical enegy to electrical energy is 
reverafble nd he cell may be wed any ines, xan 
Plesofsecondary cellsinclude the leads ell andthe 
Deke dng aed nikel-metal cll Practical wp 
‘ations of such ells acd ear bate, telephone 
‘cults and for twactionpurposes such as mil delivery 
‘ane al fork itera, 


Lead-acidcell 
A type lead-acid els constucted of 

A container made of gas, chonte wr plastic. 
i) Lend plates 


(2) the aegative plate (athode) cowsists of 
spongy ead 

(b) the positive plate anode) is ome by press 
‘ng ead prado he lead god. 


“The plates are inteleaved as shown inthe plan 
ow of Fig. to increase ter effective eos 
‘ction a and tome internal eine, 


ee rn ee 


a i A 


Figure 


Separators made of sls, celluloid or wood, 


(iv) An electrolyte which isa mixture of sulphuric 
aida stile water, 


‘The elatve density (or specific gravity ofa lead-acid 
cell which may be measured using ah drometer, varies 
between about 26 when the cel i fully charg to 
shout 19 when discharged, The erminl po lead 
ei ell i about 2V. 

‘When el suplis cute 1 loud itis sd tobe 
“discharging, During discharge 


(2) he ead poride (posiive pl) and te spoasy 
lead (aezative plate are coveted iH ul- 
pate, and 


i) the oxygen in the lead peroxide combines with 
Ihydioges inthe elesualyte to form wate. The 
lectolye is therefore weaken and the elaive 
‘ens lls 


‘Te temminal pa of a Kead-aci ell when fully i 
charged is about 1 VA cells charged by conoecting 
14 supoly co its terminal, the positive terminal of 
the cel feng connected to the postive enna of the 
‘supply. The egg cuter losin the reverse dive 
‘Ho Wo the discharge cument and the chemeal ation 
severed. Duin charging 


the lead sulphate om the postive and negative 
plate is converted back to lead peronde and lead 
respectively and 


(id) the water conte ofthe eectlyte decreases 
the oxygen leased fom the eleclstecombines 
With the Ia ofthe poste plat. The slave 
density ofthe leeote thus increases. 


‘The ear of the postive plate when fully changed i 
lark we and when discharged i ight beows. The 
‘colour ofthe negative plate when uly charge is aey 
Sl when dschaygd igh sy 


[Nickel cadmium and nickel-metal cells 


In bath types the postive plate ix made of nickel 
Inydoxide enclosed in tinely perforated tel tubes. the 
resistance beng reduced by the ation of pu nickel, 
‘or graphite, The tubes ae assembled Int nckel-ses 
pls 

in the aickel-metal cell, (sometimes led the 
Eason eal oc ne el the nepaive plate is mae 
of iron aide, with the resistance being ceduced by 
4 litle meicure oxide, the whole being enelowed in 
evfocted steel tes and ssciled in soe plates, 
{nthe nck cadium cell the negative plate ie made 
fof cadmium. The electrolyte in each type of ellis 
2 lution of pousum hydtoxige which does aot 
‘undergo aay chemical change and thus the quantity ean 
‘Ye reduced to 3 misium, The lates ae separated 
‘insulting rods and assembled i steel coatiers which, 
are then enclosed in a owaealic eae to insulate the 
falls rom ne another. The average schaze pl of 
Salling cell isabout 1.2. 

“Advantages of a nickel cadmium cll we a wlckel~ 

clude 


6) Moe vobust constuction 


(8) Capable of withstanding heavy charging and 
Uschaygingeurets witout damage 
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Type of hatter z Hazardous 


lctcal envy supply for vehicles Sulphuric acid 
including cas tucks, boats actors and lead 
and motoreycles. Sal sealed 


lead acd aterios ae used for 
‘emerson ign and 
‘uninterupile power supplies 


“Teches, clocks, shavers, rao, 
‘oysand smoke lamas 


Zine chide ‘Teches clocks, shavers ros, Zine 
‘oysand smoke alanns 


Alkaline manganese Personal stereos and Manganese 
radloeasete players 


‘Mercurie oxide Hearing aids, pacemakers ‘Mercury 
sndesners 
ine ai easing ads, pagers and cameras Zine 
Silver oxide Calculators, watches andeamens iver 
Lita Computers, watches andcamerss Lithium 
(explosive and 
Aasunable) 


‘Nickel cadmium Calan 
«nica 

‘Nicket-metal Alternative 10 NiCd hates, ‘Nikel 
Inydnde (SIME) hut longer fe 

Lithium-ion Akemativeto NiCdand NiMH Lithium 


(Lon) hastesos, but greater energy 
ore eapacity 


Recycle - most petal 
stations and garages 

cept oi ea beri 
‘a counel wat aiites 
have collection posts 

for ead ac ateies 


Not classed as hazardous 
waste can he disposed 
‘wth housed waste 

Not classed as hazardous 
waste — ca he disposed 
‘with housed waste 

Not classed as haardous 


waste —can be disposed 
‘with household waste 


‘Recyele at eonell waste 
faciy sf avaiable 


Recycle at council waste 
faci if aaiable 


Recycle at coun waste 
faci {Tavalale 


‘Recyele at enc waste 
fac sFavalale 


Recycle at council waste 
faci ifaalable 


Recycle a council waste 
fii {Favaiale 


‘Recyele at pune 
waste aii, if avalable 
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Has longer fe 


Fora gveneapasy is ghia weight 


(7) Can be et indefinitely in any state af charg 0 
‘discharge withou damage 


(i) eno seltischarging 


Disadvantages of nickel cadmium and nickel-meta 
‘ells over a lead-acid ell include 


() Ae relaively moe expensive 
Requires noc celle fra piven e- 
Has higher internal sistance 
“Mast be kop sealed 

(0) Hava lower eteiney 


[Nick cells may be we ia extemes of temperature, 
in conditions where vibation i experienced or where 
‘utes gute long ide pis rhea discharge cut~ 
rents. Prcticl examples include waction and maine 
‘wo, lghting in alway casages. itary portable 
‘alos ad for stating desl and petrol engines. 

Seo aleo Table 4.2. page 37 


48. Cell capa: 


“The capuety of a cell is measured ia anpere-bours 
{Aly fully chuged SOAR baler rtd fr 10k di 
‘huge cae discharged ata steady curen of 5A for 
1h vif the foul current since to 10 then he 
Pater is dscharged ia th since the higher the i 
‘huge curren, the lower isthe effective capacity of the 
Ter, Tel discharge characteris foaled 
clare shown in ig. 49 


4.9 Safe disposal of batteries 


‘Baer disposal has become topical subject ia the UK, 
‘cate of pene awareness ofthe dangers and ip 
cations of depositing up to 300 million batts per 
Sua waste tea of over 20000 toa ~ in 
Tend sites, 

Certain batteries contain substances which can be a 
‘azad to humans, wllifeand the ewvzoament 5 ell 
posing ie ik. Other ateries ean be eeyeled for 
their meal content 

‘Waste Iter are «concentrated source of tae 
avy metals suc ab meteuy, lead and cada IF 
‘tres containing heavy metals te disposed of aca 
sealy the meal a lec out and pollute the i and 
‘rounder, endangering hun and wilde. Loog 
term exposure tn cau, a know haan cainopen 
(e-asubstance producing cancerous rowthcan case 
liverand lng disease. Mercury cancause damage othe 
‘hana ran spinal stem, kidneysaniveeSulphusie 
‘ed in lead aid bates can cats severe skin burns 
‘rintationspnconac- I isinteasingyinportanto 
‘oot disse ofall types of bates. 

“Table 4.2 iss ypes of hates their common ase, 
‘eis hazardous composens and disposal reveling 
options 

Hatter dspoal as become more regulated site the 
‘Lal Regulations 2002 and Hazaous Waste Keg 
lations 2005, From the Waste Electrical and Electron 
Equipaeat (WEEE) Regulations 2006, commencing 
Sly 207 all produces (manufacturers and inp), 
ff eletica an elecvoni egipmen wilh espns 
‘le forthe cost of collection, weatmeat and eelig of 
obligated WEEE peserated athe UK, 


4.10 Fuel calls 


‘A uel cll ican electrochemical energy conversion 
‘eve simi to a artery. ut dering os the later 
in that tis designed for contiguous replenishment of 
‘the reactants consumed, Li produces lect from 
an extemal souee of fuel an oxygen. ak opposed 
the limited energy storage capacity of a bute. Als, 
the electrodes within a butery teat and change as 
‘hay is chtged or discharged, whoteas a fel cells 
clectodes are catalytic (not permanently changed) 
‘a elaiyely sable 

“Typical reactants used in a fel cell re hydrogen 
fon the anode side and oxygen on the cathode side 
(Ge ydeogen ell), Usually, reacts How av and 
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action products Naw out. Viral continuous lng 
term operation fs fesble as Tong 2e these ws ae 
‘maintained. 

Fuel ells ae ery aatve in modern applications 
Fortec higheticiency and ideally emission as, 
‘mast curently moge modern fel such stan 
fr natural ga that generate eathon diside. The aly 
‘by-product ofa ue ell operating on pure hydrogen is 
eae pout 

‘Carey, ful cells ate a very expensive alts 
‘veto itemalcombustion engines, However continued 
‘esearch and development is Ikely to nae fuel cell, 
“ehices available st market pics within afew years 

Fuel cells ate yey useful per sources ia remote 
locations, such as spacecraft, remote weather stations 
di cera military aplication. A fue ell nang 
‘ou hydogen cane compact, lightweight and as ao 
snoing pat 


Alternative energy refers 10 eney sources whieh 
‘ould replace ena, adional gas aad i al of which 
Increase the asmospberc carbon when burned ue. 
Renewable energy inplics that iis deived from 3 
source which satomatieally eplenished or one that is 
sfctvely infinite so that its aot deplete et usd, 
Coal, gus and oil ae ot fenewable because. althoup 
the ids may last foe generations, thei tie span is 
ft and wil eventually sun out. 

“These ae many means of hamessing energy which 
dye Tess damaging impacts on ur environment and 
include the following 


1. Solar nergy sone ofthe most resourceful sources 
ff enrgy for the Future The reason for this is hat 
the total energy received each yea frm the sun is 
‘wound 35000 ses the total energy se by man 
However, about one tht of this energy i either 
boc by the outer tmosphere ofc hack 
ln space Solar ener could be used 0 un cars, 
owe plants nd space ships Solar panes on ots 
pus eat in water stocage systems Photvaltle 
falls, when suitably positioned, coer suaigh ¥9 
flectiiy. 


Wind power is anther altmative energy sauce 
that ean be wed without prducing by-product that 
‘ne harmful nature, The fia of windil oate 
Ina vert lane which is kept verial tothe wind 
hy means fatal in and us Wind low eoses the 


ads of the wind it i foc to cate ad can 
toused to gener electiciy face Chapter 0) Like 
Solar poses, harassing the Winds highly depen 
‘eat upon Weather and Location. The average Wind 
‘elocty of Earth i around Says, and the power 
That could he produced when a wind is facing 
Wind of 10m, (Le around 4 Says) is wound 
‘Omar. 


3. Hydroceetrety is acioved by the damming of 
‘ers an uiisingse peat eney inthe water 
‘As the water sored tind dam i sessed at 
igh peut, ts Kite energy i transferred ont 
uphiebldes and used ngeacrat elect. The 
syste has enormous ntact but has relatively 
Tow maintenance costs and peovides power quite 
heap 


4. Tidal power uilisesthe asta potion of tei 
te fl servos which are then slowly discharged 
ough electri yoducing bins. 


5. Geothermal energy is obsined fr the itera 
ear of the planet and ean be wed 18 generate 
steam to run a steam urine which, in ttn, ge0- 
fers electricity. The rats of the Eat is about 


4000 ries with ap iaeral cove tenpertue of 
‘wound 4000°C athe cent. Drilling mies rom 
the surface of te Ea a temperate of 100°C x 
‘encountered: this i saicien to bol wats to run 
4 ster powered elect power plat, Akush 
‘ulling 3 ies dow is possible, iis not eay 
Foun. however, yoleanic features called 
seothermal hotspots are found all around the 
‘rtd. These ae areas which transmit excess intr 
al est fr the aio ofthe Earth to the our 
‘rust which can be wet generate eee 


[Now try the allowing ers 


Exercise17_shortanswer questions on the 
chemical effects of electricity 


1. Define atery 
‘State ive practical applications of haters 


3. Siuteaanayes flan on hateies over 
alkaline batteries 


4. Whutislecotysis? 
5. Whutisan electrolyte? 
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n. 
i 


‘Conduction in elecuoytes is due to 


A postive-conpected elect i ealled the 
‘and the negaive-oanected electode 
the 


State two practical applications of eleco- 
is 


‘The purpose ofan lee cell i to convert 


‘Make a abled sketch ofa spe cell 
‘What ithe electrochemical series? 


‘Wath seference 10 4 simple call, explain 
biel whats meant by 

(4) polarisation () Hea ction 

‘What x conosion? Name two effet af cor. 
resign and state how they my be prevented 


‘What is mean by the em. ofa cell? How 
‘nay the em. ofaeall be measured? 


Define internal essence 


‘a cell hasan ean. of vot an internal 
resistance of bs nd supplies acumen 7 
mpores to lod, the terminal pa V Volts 
‘sgivn by: 


Name the two mun types o calle 


lain brill the difference between el- 
sty and secondary cells 


‘Name wo types of primary ells 
[Name woypes of secondary cells 


State thee typical applications of primary 
celle 


State te typical applications of secondary 
celle 


1 what uni is the capacity of a cll mea 
sed 


‘Why i safe disposal of batteries important? 


‘Name anys rypes baer and statues 
comes applitions foreach 


‘What fuel cel? How dacs edie frm 
abattery? 


27. State the advantages of fuel cells 
28, State thee prncical applications of fuel 


calls 

29. What is meant by (a) alteratve energy 
hy renewable energy 

30, ‘Ste five alemsive energy sources and 
Illy desenbe each 


Buercise 18 Mult-choice questions on the 
chemical effecteof electrichy 
‘Answers on page 420) 


1. Aatery consist of 

(a)acell (ackeuit 
(Gagenerioe —(d) yaumber of ells 
‘Thetemninal pad. of cel of em, 2¥ and 
lotemal resistance 0.122 when supplying a 
current of 5A will: 


iaisv, wv 
(ony, w2sv 
3. Five elle, each with an emf. of 2V and 


intemal resistance 0.502 we connected in 

series. The resulting baer will have 

(G@) anes. of2V andan internal esitance 
rosa. 

(&) am eam of 10V and an ineral esis: 
tance of2.50 

(6) anes. of2V and uninterna resisance 
ornia. 

(a) an exms- of 10V and an ineral resis: 
tance of 12 


4. rhe ave cells of question 3 ae connected 

In parle the esling bey wll have: 

(G2) anesn. of Vand aninternal resistance 
rosa. 

(8) an emf of 10V and an internal resis 
tance of 2522 

(©) anes. of2Vandaninternaresisance 
oro. 

(a) an emf of 10V and an interna resis 
tance of 0.102 


5, Which ofthe following statements is ase? 
(2) A Leclancé ells suite for ws in 
torches 
(©) Aickel-cadcium cll isan example of 
fms cell, 
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(6) When acl ishing charged its teinal 
pad exceeds the eal em, 

(a) A secondary cell may be rechuged 
ater uie 


Which ofthe following statements is fase? 
‘When two metal electrodes are used in 2 
simple cell, the one that is higher ia the 
lecrockentical series: 

(a) tens tn dsslve i the elecuolyte 

(h) isalways the negative elecvode 

(e) seats ost realy with oxygen 

(@) aatsas an anode 


Fie 2 cols each having an tema ress: 
tance of 0.20 are connected in aries to a 
load of sesitance 142. The cutent owing 
inthe cet i 

GIA) LAA, 


ae 
to1sa wa 
fo i a in 
aay 
Sav waty 


caov «aiaty 


Which ofthe fllowing statements is true? 
(@) The capacity of a ell is measured in 
‘ait 


(0) Apiary ell evvens letza ener 
into chemical energy 


0, 


(©), Galeansing ombelpsto prevent cor 
(© A positive cestode is termed the 
cade 


‘The greater the intemal tesitane of eel 
(a) the geste the ein pa 

() the ess the eas, 

(6) the geste he ex. 

(@) the es the emia pa 


‘The negative pole af dey ellis mae of 

(a) carbon 

) copper 

to) ane 

(@) meray 

‘Te energy of a secondary cll i usualy 

senewed 

(a) by passing a cunent thought 

(©) iteanaot be renewed a all 

4) by renewing its chemicals 

@) by heating 

‘Which of the following statements ise? 

(a) A zine cao tater) i echargeable 
andi ot clad a hazards 

() A nickel cadmiam batery isnot 


‘chargeable and i lasted as har- 
arouse 


(6) ithiuo battery i wed in was 
tnd is notcchargeable 

(4) Analkane manganese tery is used 
lntowchesandiselassied hazardous 


"Thisrevsion test covers the material contained in Chaptets | 04. The mark for eack question are shown in brackets 
atthe end ofeach question. 


1 


An dlectomagnetexensa fore ISNandenves 
2 sft nog amature through a distance of 120 
‘ S0ms.Detemine the power consuned, (5) 
‘Ade. motor consumes 47255 when comected 
{oa250V supply for hou aS minutes, Deteaine 
thepower ating ofthe moturandthecunea ake 
‘ho the spp 5) 
-A.100Welestric lightbulbs consected 3200 
Supply, Calculate (a) the current owing a the 


uth and (the wesistance ofthe bulb. (4) 
Detrine the charge wansfered when a eurent 
fof Sma ows for 10 minutes, fy 


“Acartent of 12. flows inthe element of an el 
tre fie of resistance 250. Detennin the power 
Aisspated ty the element I the fie ison for 5 
hours everyday, calulte fra one week period 
(@)the enerey wie, and (b) cost of using the fre 
‘elec cos 13.5 pr unit. @ 


Culeulte the reinance of 120m of copper 
cable of conescetionl area 1S Take the 
‘esitity of copper as 002 2m ic) 


Ata temperate of 40°C, an aluminium cable has 
‘resiance of25.0. Ihe temperature coefcent 


10. 


resistance a OFC is 00038/°C, calculate its 
resistance at 6) 
(4) Detemine the values ofthe resistors With he 

following colour coving: 

(i) sedsred-angesilver 

(i) orangs-orange-backblue-scen 
(©) What is the value of a 

a7KK? 
Four cells, each with am intemal resistance of 
(04002 and an eon of 2-5 ae connected in 
serosa loa of 8.402 (a) Detennie he cut 
rent owing inthe etcuitandthe pl tthe atery 
‘erninals(b) I the cells te connected in parallel 
Instead of in series, determine the cute owing 
tnuthe pat the aterytemuials. (10) 
(4) Sta sic typical applications of pinay cells 
(8) State six typical applications of secondary 

calls 


(6) State the avantages of a fuel ell oer a 


ppietions, 


[Nae five alleratv, renewable enerey sources, 
and givea bef description ofeach. (15) 


Chapter 5 


Series and parallel networks 


| Alt end ofthis chapter you shoud beable vo: 


understand voltage division ina series cicuit 


proce the ling effect ofa yotuneter 


SCRLUICHC IN ECHCHC NCH 


Figure 5.1 shows the resistors Ry, Rs and Ry con 
‘oce edt end, Len seve, with a hater source 
{OF Yells, Sie the cnc is lowed w cument 7 will 
flow andthe pd across each resistor amy be dete 
tothe volineter readings V, Vs aad Vs, 


el) 
b} el 


Fie 5 


calculate unknown voltages, crtent and resistances ina series cicat 


calculate unknown oltage, currents and resistances in apr nctwork 
leu unknown voltages, currents and esisances in eries-pallel networks 
‘understand caren division in a two-ranch pulled new 


understand be diference between potatomster an sheosats 
erfoum calculations o determine la eurent nd voltages a poteasionetes and sensi 
‘understand and perform calculations oa relative and absolute voltages 

“state thee causes of shot iets in eleeweal cet 

deserve the udvanages and disadvantages of series an parle connection of lamps 


Inaseries circuit 


(a) the curent 1 is the same inal pare ofthe crit 
and hence the sme rang is found on each of 
{he anmtes shown, and 

(0) the sum ofthe voltages Vi, Wan V5 sequal 
‘the al applied vage, V, 


te, v 


Vat Vs 


From Obs lave Vi= IR. V band 
VeIR where & is the wt cieuit resistance. Since 

Vit Ve Ve then JR IR + Re + Us, Divi 
Jing houshout by J gives 


itRathy 


‘Tous for a series sitet, the total sesitance is 
bined by adding togctor the als of the separate 
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Probl 1. Forth cet shown in Fig. 5.2. 
etrmine (ashe baery voltage V(b) the wt 
resistance ofthe ctu, and (the values of 
fesstrs Ry, Ry and Ry, sven tat the p's across 
‘By, Ry aad Ry ate SV. 2 and 6V eespectivl. 


ae 


an 


Problem A 12V battery isconmected in a 
sizcuit having he seris-conasted resistors 
having esianes of 40, 09 and 112. Determine 
the current Mowing though andthe pd actos the 
90 resistor. Find alo the power disputed inthe 
119 esse, 


“Te ctu dagen is shown in Fig. 5.4 


tH 
igure 52 


(a) Basory voltage V- 


Vet Ve4 Vs 
=54246=1V 
von 


(©) Tou exci existance 


Ms 


(Chek: Ri + e+ 


25405415 
asa. 


Probes 2. Forth crit shown i Fig. 53, 
etennine the pl across resistor, the al 
‘esstance ofthe cuits 1000. deter the 
‘urea owing through esse My. Fad alo the 
value of resistor Rs 


Re ye ok 


Pd acoss Ry, Vy=25—10-4=11V 
2s 
Curent) = 4 = = 025, 


hich the current ling in eae sexistor 


Resistance Ry = YE 


‘otal resinance 2. 


cuneat = Y= 


‘which is the cute inthe 99 esto. 
Pa across the 92 sein, 


Vi=Ix9=05x0=48V 
‘Posie daspated in the 11 resistor, 


P=FR=(5i1) 
=(025)(11) =278W 


5.2 Potential divider 


‘The voltage dstibution for the cxeit shown ia 
ig 55) i given by 


; 
v(t) ot 


‘The cituitshown in Fig. $5(b) en wefened toa 
poteatal divider cust Suc sci can coast of 
numberof iia inseres connected uroes 
lle source vollages being aes rom connections 
‘etweenthe cements. Frequealy the divdereonsiss of 
two resisters a showa ia Fig. S50), whee 


‘A potential divider ithe simplest way’ of podcing & 
‘odrceufloweremfomasource ofhighere mf 
isthe si operating mechanism ofthe potentiometer, 
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Problem 5. ‘Two sesso ave connected in series 
cross a 24V supply and a curent of 3A flows in 
the ict. Ione of the esirs has a eistance of 
2 determine (a) the value ofthe eter resis, and 
(@)the pd aroes the 20 essor. If the cicut 
‘sec for 50 hour, how much nergy i used? 


‘The ecu dageam is shown ia Fig. 8 


a 
Figures 
® 
vim 
Figure 55 ea aid 


Value of unknown resistance, 


‘ meamuring device fr accuntely measuring poteatal 
Aiferenees (ee page 135, 


(0) Pd, roe 20 vsion, 
Problemy 4. Determine the value of voltage V 


v= (gig) 
sev. len Jv aii 
(Je 


Figure 56 nay be redrawn as shown in Fig. 57, nd 


voltage v= (—*) (sa) =30¥ 
(FR)eo-a 


[Now try the following exercise 


sav. Exercise 19 Further problemson series 
\v circuits 


1, ‘Thepal measured sera thee existorscon- 
cod i eros ave SV, 7 and 10V, and the 
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supply current is2A. Determine (athe supply 
Yoltage,(b) the total cvcut resistance, and 
(6) the values ofthe thee esis, 

la) 2V0) 119(6) 250.350, 59) 


S 


For the cieit shown ia Fig. $9, determine 
the value 6 V-Ifthe ot cucu sistance 
1s 360 deternin te supply cutent andthe 
alae of resists Ry aR 

[N0¥.054, 209, 108,60) 


Ren aree vr 


—_— 


3. When the switch in the circuit in Fig. 510 
1s else the wading oa voluneter 1 i 30 
nd tat on voltmeter 2 ie 1OV, Determine 
{he reading on the rameter and te value of 
tesistr fy 14A,250] 


sa a 


Figere 510 
4. Calle the value of vole V in Fig. 
51 


Figures 


‘5. Two resistors ae connected in series across 
an I8V supply and a curren of SA flows, 
Teoge ofthe resistors has a value of 240. 
ten (a) the vale of the eter resistor 
fd (b the pa aceos the 242 esse 

Ta) L200) 2V) 


6. Anat lamp takes 0.64 at SV. Ii operated 
foes 120 supply. Find the value of the 
Stubsing resis to be connected ia sere. 

(6770) 


7. Ae oven takes 15A a 24D, i required 
to reduce the cure w 12A. Find (a) the 
resistor which must be coonected in sees, 
saul (b) the volte crass the resistor 

Tadeo aeyy 


523 Parallel network: 


igure 5.12 shows thee resistors, Ry. Rp and Ry cow 
sce across cach other Len pall across abate) 
source of V vals, 


‘na parallel circuit: 


(2) thesum of he cust 2s and equal tbe 
toa eicust cue, 


te. Iahthth oa 
(0) thesouse pa, V volts isthe same across cach of 
the eit 
rom Ohi a 
v v v v 
a eee 
where Ris the tal iret sistance. Since 


viva 


v 
Iehehth in Papeete 
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Dividing toushouthy V give 4 peso. 
43,8 
aaa 
‘Thiseqaton must be wed when finding theta i 


tance A ofa pale cet Forthe special ate of 0 
sistas ln parallel rf 


1a 

ees 
Rik: 

esr 


Tiga s4 


male 


Hence 


wai tea 
Since P=} then 


Probe 6 Forth ccut shown in Fig, 5.13, 
etemnine (athe reading othe anne, and (Ateratvel, 
(dhe value of esto Rs, 


aes 


(©) Cuneat inthe 30 sista 


Probie Rote iret shown in Fig. $15, 
find (a) the value ofthe supply voltage Vand 
(b)ihe value eure 


Figaro s13 


Pd. acre R ithe same asthe supply vokage V. 
Hence suply voltage, V=8x 5=40 


(0) Reading on ammeter 


(0) Current Bowing tough R,=11—8 
Hence 


hence sup vlage V0 tz ect 
come sual 


Probl 7. "Two resistors of resistance 39. and 


(62 are connected in parle coat a hatery| (0) Cumeat 
having a voltage of 12V. Determine (athe oat 
Suit resistance and (bth eustent wing i the nd 
3M esto, 
(Cumeat = 1,4 12+ ence 
‘The circuit diagram ie shown in Fig 5.14 Poesy 
(0) The oa cue eesistance Ris given by Alternatively, 
He tlt i yt ts3s6_ 10 
rte he 
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Hence ttl resinance 


60, and cument 


Problem 9. Given four Lessors, state bow 
‘hey must he connected to give an overall resistance 
ofa) £22(0) 12(c) 14.214) 24.0 al four 
‘esstots Being connected in each exe, 


(2) Allfourin parallel (sce Fig, 5.16), since 
1a ddd L 
grater pt intieania 

Figures: 

(0) Two in series, in parallel with another two in 
serls (sce Fig, 5.17), nace 10 and 10 in series 
ives 20, and 22 in pall with 20 gies 

224 
(6) Three in parallel, in series with one (xe 


Fig 518), since for he tae in pall, 


este 


(2) ‘Twoln parallel in series with two in series (ee 
Fig S19) since fr the two in pall 


10 
igre 519 
ixt_t 
T= 3 


and 19, 19a 19 in series gives 24.0 


Publ 10, Fhe equivalent resistance for 
the iret shown in Fig $20 


faa 


Figure s20 


Ry, Re and Ry ave connected in parallel and thei 
‘auialet resistance Re gven by 

phy th eeaen io 
a oe er 
18/10)=1.80. The circuits now equiva 
‘ent to four estore in sere nd the equvalent cult, 
resbtanee=1422+ 18 }4=98 


Problemy U1. Resistance of 100, 200 and 309° 
sae connected (a in series and (b) in parallel oa 
240 supply. Calulate the supply cusent in each 


a 


‘The teres cut i shown in Fig. 521 


100 2001 


The equivalent einance 
r=109+200+309. 


Supply eameat 
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4b) The pale ctu i shown in Fig. 5.22 
‘The equivalent resstance Ry oi 102, 200. 
tnd 300 resistances connected ln parallel 


sven by: 


Poa 


[at ae Tees 


240 
a 
v 20 
nw 
Foca pall cieait =) ++ 15 
DEFI2+R=44A. as above) 


5.4 Current divisi 


For the cncit shown ia Fig. 523, the toa ctcait 
resistance, Rr iva by 


pa 


andy HA 


Bik 
ces 


Figure 523 


Rik 


sad v 


Curent 


Silay, 


Problem 12. Ror the seies- parallel arrangement 
shawn in Fg. 3.2, find (a the supply curent, 
(@)ihe current Mowing hough each resistor and 
(e) hepa acros each resistor, 


sto 


igures24 


(2) The equivalent resistance Ry of Re and Ry in 
pall is 

6x2 

oe 

‘The equivalent sistance Ry of My, Ry and Ry in 


% isa 


Rp a25415+4=8 


Supply cureat 
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(©) The cuvent owing Hough Re and Ry is 25, 


‘Thecurent Bowing dough Ry {otal power dsipatd inthe citer is 2.5K, 


(yi current Mowing a each of the four resistors 


(mtn) '=(eta)s 4h Frctba iy Fae 


=6258 


“The caneat Bowing trough As 


(nx)! =o 


: 


(6) The equivalen ciguit of Fig. 524 i shown in 


whose rs the equivalent csc resistance. The 
Fjc250 Aya150 Ayr40 ‘Syuialen essa af My and in pall is 


ual Exel ay 18x10 19g 


re se 
— ‘Tequesta fy 


parallel isequl 9 25-60. ie. 190, Tete ae 
ftvee methods whereby Ry canbe detenined 


igure 5.25 
pal sets Rube 

V=m, = 2505) <e2sv 
pa sess Rb 

W=mk, =05\15) =378V 


pa. cre Ry 


Ins = (25)8) = 100 


Hence te pa aro 


1. acs By =S75V manea 2 


Since the equivalent eistance of Rs and Rn parle, 
wiog, 

Probleot 13, For the cut shown in Fig. 5.26 

‘aleaat (a the ylue of esis Ry such that he 9 


a 
ak 
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Hence 
8k 
724198, =38R, 
i, — 198, = 198, 
Tus 
Method 3 


‘Whentwo esistrshaving the same value are connected 
in pale the equivaleateesistance is always ball the 
alte of one ofthe exists. Thus, inthis ease since 
Rr=100 and Re=382, then Ry=380 could have 
‘en deduced on igh 


oo coat = (5 


rom pt (a), metho Ty=1y=SA 


Probl 14. Foe the arrangement shown in 
Rig, $27. fad the eurent 


1 yagi 


"y ea [Jen 


Pigures27 


‘Commencing atthe right-hand side of the atrangement 
shown in Fig, $27, the eats gradually reduced in 
Stages as shown in Fig, S281}, 

From Fig, 5280, 


1 4A 


7 
m 


‘rom Fig, 5280), 


igure 5.28 


From Fig. 5.27 


s(n) (i 


For a practical laboratory experiment on series. 
parallel de circus, see Chapter 24, page 407 


[Now try the following exercise 


Exercise 20 Further problems on parallel 
networks 


1, Resismees of 12 and 120 ate comected 
{in paalel across a 9V baney. Determine 
(4) the equialet circuit resistance. (b) the 
supply cueat, and (the curentin each 

[i0)320)3A.6) 225,075] 

2. Forte cicat shown in Fig. $29 determine 


(2) the reading ow the ameter, ad (b) the 
wale of esi Bsa.250) 


2 eel 


Figeres29 


3. ind the equivalent resistance when the fo 
lowing resistances are connected (a insris 
(bin pall () 39 and 22 Gi) 2040 and 
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4040 (i) 40,82and 16.246y)8000, 442 


a 15002 
la) 5a Goons. 
Ga) 82 Gw) 63 

@ 120 @ Bae 


(a) 2290 Gi) 461.540), 


4. Findthe otal resistance betwen erninls A 
faa Bot the cnet shown in Fig. $3), 
8a) 


'. Fi the equivalent resistance between ter 
sminals Cand D of the cieuit shown in 
Fis. 5.00, e750) 
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6, Resistors of 2002 2001 and 308 are con- 
‘ected in parallel, What reistance mast be 
‘ded in veries with the combination 10 
‘obi a otal eistance of 108, the com 
pletecteuitexpendsa power of 364 nd 
thetoal cutest fowiag. [2.526] 

7. (a) Calculate the curt owing in the 302. 
resistor shown in Fig, 831. (6) What adi 
tional value ofrexitance would ave 10 be 
placed in parallel with the 202 and 302 


the upply yllage emuining constant, 
Ta) L6A() 60) 


700 


av. 
igus 


A. For the circuit shown in Fig. $32, find 
(a) V(b) Vs, without calculating the carent 
owing Tia) 30V (0) 42V 


igure 52 


9. Determine the cures and voltage ind 
‘aed in the cneuishown in Fig. 5.33, 


igre 535, 
10, Findhecunent/inFig. S34, [LSA] 
160 150. 201 


11, A wsinorof24 9s connected in series with 
‘nother of 3.202, What resistance must be 


Placed across the ne of 240 thatthe total 
Fesistance ofthe cut sal be S? 


29) 
12. A resistor of isconnecedin parle with 
‘one of 12 and ihe combination connected 
in series with one of 42. A pul of 10V is 
applied othe cteuitThe BO resistor iso 
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Placed across the 49 resistor, Fad the pa 
equited to sendthe sate cureat trough the 
Si ecsiso, Tov) 


5.5 Loading effect 


‘Laing effet isthe terminology sod when a eneasue 
ing instrument such as an acilloscpe or valet is 
‘oped across component and the curet dawn 
bythe astrument upsets the cuit unde est. The best, 
ay of demonsating loading effec is bya aumesial 
example, 

Tithe simple cee of Fig. 5.35, the vollage across 
ac ofthe resistors can be calulted using voltage 
AUision.orbymspection ta isease the vata shown 
2: V shouldbe 20Y, 


Figures 


Using olumeter having a resistance of sa 00KD, 
places SOOKE in parallel withthe IMS resistoe a 
thown in Fig. 5.36. 


ia im oka, 


‘Resisunce of pel section 
Peto 0510? 
ee Ors 
= 3750 (using prodursun) 

‘The yoluge V now equals 


Figures. 


S110 
Tea 
= 1091V (by voltage division) 


40 


‘The volumeterts loaded the cizcuity drawing cutent 
{or ts operation, and by so doing duces the vliage 


scout the LM sesso rr the core yale of 20 
tov. 

‘Using a uke (or multieter) which has set iter 
tal esiiaace of sa). 10MOL as shown in Fig 3.37, 
Pacey «much beter result nd the loading effet i 
‘nina as shown belo. 


Tair Tos Toy 
‘The vltage V aw eguas 


O91 108 
Dorsey “= OV 
‘When taking measurments, ti ital thatthe Jade 
‘ng effet is understood and hsp ind tall ies 
‘Ai incre voliage eating ay be due 1 this a 
dng effect rather that equipmcat under iavestigation 
ting dete Ideally the resistance of voltmeter 
shouldbe init 


5, 


Potentiometers and rheostats 


‘nis frequently desirable tae able ovary the vale of 
a resistor ina cine A simple example of tis she 
‘olueconrl ofa radiour television et, 
‘Voltages and eueatsnayhe vac neler Gels 
by using potenlometrs aa ehenstats. 


Potentiometers 


‘When a visible eestor uicstheee terminals, ti 
‘now asa potentiometer. The potatomer provides 
anadjsableyoluge divdercecuit which suseful asa 
‘means of obtaining various voltages rom a ed pote 
Ualdiference, Consider the potentoneter ccatshown 
{nFig.5 38 incoporating lamp and supply voltae V 

Inthe cet o Fig. 5.38 the input voltage is applied 
scot pots A and atthe ers the potentiometer, 
‘wile the outputistappd off betwecn he siding contact 
San he ined end Be wll e sen that withthe sider 


the fr left hand endothe esse, he fll volage 
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wil appear across the lamp, an asthe sider moved 
owas point B he Lap beightness will ede. Whea 
Sis atthe far ight of the poteatomate, he Lamp 1s 
Sbortcireited, no cutent wil How tough i aad the 
lamp wil be fll of 


Probes 15, Calculate the vot drop actos the 
(600 load in the cet shown in Fig. 539, when 
the slider Sis atthe halfway poat of tbe 2002 
potentiometer 


There ate two methods for deternining the vot 
op Va 


Method 1 
“Tol eeu essa 
y= 00+ 375= 1975 
Daan 
Hence, supply curent, = 735 =021K2A 


“Thus, voltdep, Van =F 378 = 02182375 


i 


Method 2 

By the principle of vliage isin, 
5 

(ners) 


Hence the volt drop crus the 60 9 load of Fig 5.39 
IAURV. 


Vs aa8v 


Figures) 


‘Wit the sider baa, the equivalent circuit x shown, 
inFip 50. 


For the pall resistors, total existance, 


‘The equivalent circuits naw a shown ia Fig SAL, 
‘The vo drop aeons the 3750 resistor Fig. SAL is 
the same asthe volt drop acoss bath of the parallel 
resistors in Fig 5.0. 


Rheostats 


Avariable resistor where only twa terminals reuse, 
fue fixed an one sliding, is known as ost. The 
‘ost cc, showa a Fig. 52 smilar in conse 
‘oa to the potentiometer, s used to comtrol current 
‘yy. The eostat lao act a droping cso, eu 
ing the vltage across the Toad, at sme effocive at 
contig curent, 

For thisreason dhe resistance ofthe rheosta should 
be greater than that af the load eervise i will 
‘ave litle oe no effect. Typical uses ae in 3 wai set 
for Sealece. Another practical example isin varying 
‘he lance ofthe panel lighting codon a ea 


gure sat 


“The theowtat resintance i const in teres with the 
Toa eeu, with the slider arm tapping ff an 
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amount of eitance (tat between A and S10 po 
ide the current ow reid. With he side atthe ae 
Terhune the loud receives masse caret with, 
te slider at he fa ight-hand end, nuns eae 
flows, The current flowing canbe calculated by finding 
the tal resistance ofthe etc (ce, r= Raa +R) 


i; 


sen by applying Ohm's a 


mT 
Calculstionsinoved wih the eon cri ae si 
per than thes or the potentiometer cieut 


Probus U6, tn the ict of Fig $43. calculate 
‘he current Mowing ia the 10 oad when the 
sling pot $s 2/3 of the way rom A to B. 


re 


load, Ie this potentiometer or a ehconat 
(4.44, potentiometer] 


Figure sat 


For the ctcuit shown in Fi, 5.45, ealeulae 
‘he curentfowiag in the 252 load andthe 


ke ‘oltage drop across the lal when (a) AS is 
Saar AB, and (point coincides wip 
B.sthis4 potentiometer ora seosat? 
— TAVUSISA, 1.64 
es (0) 0286, 7414 scott] 
Pagers 
Resinane, Bs 2 -_ 


Total cieuitesstance, By 


(Current swing ia load, 


W730 
0.147 or LATA, 


Summary 


‘A potentmeter (a) has thee ternal and (b) is used 
Foryokage convo 

‘A rheostat (a) has to teins, a () is we for 
‘utent conto, 

‘A hc is not suitable if the lad resistance ie 
higher han the Hheostatresisance:sheosat resistance 
‘aust be higher than the lad since to be able 
influence cent 


[Now te the following exercise 


Exercse21 Further problems on 
potentiometers and rheostats 


1 Foethecicurshown in Fig 5.44, AS i 350 
‘AB, Datemine the voltage across the 1200. 


For the ctcuit shown in Fi. 5.46, eaeulae 
the voltage acoss the 6000 lad when pot 


‘SoplieAB in therato 3. [1364 V] 
For the cicut shown in Fig, $47, the slider 


Sista hala. Calculate the velage drop 
serous the 12042 lh (68) 
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igure a7 
3. For the potentiometer czcit shown in 
Fig, SAB, AS i ft of AB, Calelate the 


igure sa 
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ive and absolute voltages 


tn an electrical circuit the voltage at any point can 
bo quoted ay being “with ference 1" (et) any 
‘othe pot in the cre. Coasider the eieut shown 
In Fig 5.49, The total resistance, 
Re =304-5045+15 = 1000 and 
200 

0 
1a voltage at point Ai quoted with ference o point, 
then the voltage ic witen a Vag, This known a8 
relative voltage’ Inthe cicut shown in Fig 5.1 the 
olageat A itt Bis / 80, ie. 230100 V and is 


custom, 


Weriten a Vigy= 10. 
ove lsu 
Figure 5.49 


1 must also be indicated whether the voltage at A 
‘es iscose tothe psiive tenia or the gave 
Yeeminal ofthe suply soe, Point A is aeue 1 the 


postve tena! han B so is writen as Van-=100V or 
Vag=HH0OV 0 Vap=100V +46 

‘To postive or negative is include, then the voltage 
iv always taken o be poste 

the voltage Bw squid, hen Vag 
ativeuad writen as Vg =—100 Vo Vg = 100 ve 
IF the seerence pout is changed tothe earth polnt 
‘hen ay voltage taken wt the earth i Known 
absolute potential’ It the absolute volige of A 
in Fig. 5,9 $6 seyuied, the this will he he sum 
of the vohages across the SUG and SO cesistrs, 
ie. 100+10—110V and is writen as Va=H0V of 
Va=HHIDV or Vy=H10V +e, postive singe mo 
ing from the ea point wo point Ais soving towards 
the postive ternal af dhe source, IC the vllage is 
fcpative ws earth dha this must be indeste for 
example, Ve=30 sepative we, eath, ands writen 
3 Ve=30V or Ye=¥0V 16 


Problem 17. For the cicut shown in Fig. 5 0, 
‘alee (athe voltage drop across the 4 
‘esis. (by the eaten though the SKE resistor, 
(@ the power developed inthe 1 SEE resistor, 
(@ the oliage at point X wt. cath and (6) the 
solute oliage at pot X. 


no fo 


(14k Sin paral 
‘wih SEE in series with 152. 


sas 

SGris 
vom 

al iste y= 


le a 10 


Ti 
By erent vison creat in top banc 
= (sem) 

Hence, vl drop arose resistor 
soa 1 
(0) Current tough thes esi 


(tH) 
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(6) Power in the 15k9 resistor 
IP (65 10-9115 .10")=S4mW 


(a) The vollage atthe eanh point is 0 yo. The elt 
agp across the 4k is 12V, fom pat (a. Since 
‘moving fom the eath point o piat X is m0 
ing towards the acpative terial of the velige 
sous the voltage point X wt. earth is —12V 


(¢) The sbsolte voltage at point X° means the ol 
age a point X wt cath’. heace the absalute 
‘voltage at point X is ~12V. Questions (d) and 
(mein the same hig 


[Now try the fullowing exercise 


Exercise22 Further problems on relative 
and absolute voltages 


1 For the sive of Fig, 531 calulte (a) the 
thiolate volage at poiats A, Hand C, 
(the voltage at A relative w B and Cand 
(e)the volage a D elaive w Band A. 

Tia) HOV. 4206, 424V @) HDA, 
“+16V (e) SV, —16V1 


2. Forthecscuitshownin Fig. 5.5, calculate (a) 
thevolage deop acon the 72 eestor (the 
aon dough the 302 sesso. (the power 
‘developed inthe #2 sion, the olage a 
point wt cath and) te absolute oliage 
poi X, 

Tia) LOR (b) 0164 fe) 460.8 
(@)4288V (6) +288V] 


23. nthe dg cca of Fig. 5.53 calcul (a) 
the absolute voltages a pints and Band 
(bythe voltage at A ela 0 


[ia 10V. 18 HOV) 


5. 


Hand short circuit 


Earth potenti 


‘Te eat, an Renee the sea, at u pote af 2x0 
wos ems connected to the earth (oe se}, Leet 
fut wiring an electrical components, se sad 10 he 
fated or at eath potas. This means that there 
0 dfleence of potential betwen the tem and earth. 
‘A ships bull, being inamesed the sea, at earth 
teat und ‘heefore a 20 Yo. Eanh Els, ot 
‘hort iets are cause by low reitance between the 
‘uten-carrying conductor and earth, This occurs when 
the insulation resistance of the ici wiring decrease, 
sais nonnally caused by: 


1, Dampness, 
2. Insulation becoming hard eile withage ores 
13. Accidental damage 


5.9. Wiring lamps in series and in 
parallel 


Series connection 


Figure 54 shows dice lamps, sch rated at 240, 
connected in eros across 240 supply 


agg tage Lag 
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(@) Exch Lamp has only (240/3)V, Le OV across it 
nts ach Lap plows ls. 

i) Manor lamp of sila ating is aded ia sees 
withthe other thee lamps then esc ani now bax 
(240 4)... OV actos it and each now glows 
ven sce dil, 

(1s tamp i semoved fom the cet ofa ame 
develops a fault (ie. an open cut) oe UE the 
sich is opened, then the ere is bake, 
‘uments ad the ering lamps wil wot 
Thu. 

8) Less cables rogited fora sexes connection than 
for parallel on, 

“The series connection of lamps i usually limited 19 

decorative ighting suchas fr Christnas te ih 


arallel connection 


Figure 5.55 shows tee similar lamps, each ete at 
HOY. comected in parle across 4240 supply 


amg 


igure 55 


(@) Each Lamp has 240 esos it and hus each wil 
slow blindly arses ated ola 


i) AF any lamp is semoved fiom the ciesit oF 
develops fault open eieut) or a switch is 
‘pened, the remaining amps are unaetes, 

(Gi) The addon of farther similar lamps in paral 
let does aot affect the brightness of the oes 
lamps 


0) Mote cable is reguised fr pale connection 
than for a sti one 


‘The parle connection flaps thems widely ase 
incecriel installations, 


Problem 18. thee teat! amps ae 
connected in parallel and the combined resistance 
{8 1500 nd the resistance of one lamp. 


“Lette resitance of one lamp be R, then 


ish 
wk 


ttl 
+RtROR 


‘hoa whe, 


xis =4s02 


Problem 19, Ths identical lamps A, and C 
se comet in series across a 150V suppl. State 
(a) he voltage sos ech amg, and bth flext 
ap € fig 


(a) Since sch amp isideical and they are connected 
In series theres 1S0/3Y, Le. SDV acros each. 


(0) Alam C falls, Le open cits, no euent will 
low and lamps and B wil nat operate 


[Now try the following exercises 


Buercise23 Further prablems on wiring 
lamps in series and in parallel, 


1 Affour dase lamps are connected in pul 
[el and the eombine resistance i 1008, tad 
the resistance of one ap. 00a), 


‘Thee dential lament lamps are connected 
(a) in series, bin parle setoss a 210V sup 
Ply. State foreach connection the pd acon 
ach lang, Tea) TOV (0)210V} 


Exercse24 sShortanswer questions on 
‘series and parallel networks, 


1, Name thee characteristics fastest 


‘Show that for thee resistors Re, Re and Rs 
‘connected in sris the guile resistance 


Bisgivenby R=Ri+ A+ Rs 
3. Name thee characteristics of a ural net 
wore 


A. Show that for tee resistors Ry, Ry and 
‘Ry connected in parallel the equivalent 
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resistance B is piven by 
DE she 
Pe ee 
5. Explain she potential divider Get 


6. Describe using acti diagrams, the method 
‘of operation of «potentiometer 


7. Site the mun use of poentometer 


4. Describe using atc diagray, the method 
‘of operation ofa theosat 


9, Ste the min use ofa sheosat 


10, Explain the siference between elaine ard 
atalute yolages 


11. State thee causes of short iets in elect 
cea iets 


12, Compare the metits of witing lamps in 
(a) series (b) pled 


Exercise25 Multichoice questions on 


1. few 42 tesistore are connected in ees 
the effective resistance of the cite i 
@ko O42 2M Mia 


2. two exists are connected in parallel 
the etfective resistance ofthe cet = 
(82 42 (C22 Wie 


3. With the switch in Fig. $56 closed, the 
mmr eaing wil indicate: 
(1A W)TSA WEA W3A 


Figure 556 


1. 


‘The effect of connecting an additional pat 
allel oad toa electialsuply source so 
increae the 

(2) sistance ofthe load 

() voltage ofthe source 

(6) curoat ken fom the source 

(2) pd aos the load 


‘The equivaleaesisance when a resistor 
of 12 is connected in pualel with a $2 
@ia m7 29 ia 


‘With the switch ia Fig. 557 closed the 
miter reading williicae: 


(0) 108A) 3A 3A AEA 


igure S57 


-AGresistoris connected inp withthe 
hee resisters Fg 8.57 Wb he och 
lived he ater eagle: 
3A W4A WIA WIA 


‘A 109 resistor is cect n parallel with 
4 {5 resistor andthe combination in series 
with 120 resistor The equivalent resi 
tance ofthe cit is 

@) 312) 1KD 270 aa 


‘When thee 39 resitors are connected in 
parallel, th total existance 

3a (oa 
19 (ossa 


‘The total esistnce of two resistors and 
‘Rs when conneved in parle sven by 


pi 
a) RHR wy 4. 
RAR OPE 


Bete Bike 
ike OR 
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in the cicuit shown ia Fig. 53, the ead 
fing on the Voluncter i $V and the reading 
on the ammeter i 25cuA, the resistance of 


resistors 
Gy 00082. sa 
@ 180 (@ 202 


Figures 


cs 


‘A variable resistor has ange of 19 SEE 
UE the sider is set at halfway, the value of 
‘current wig throug a 7508 oad, when 
‘maected 104 100 supply and used asa 
potenpiomeee 

(a) 25a (o)40ma 

(6 1730ma, (6) 20m, 


Capacitors and capacitance 


Alte endo this chaper you should be able: 
‘+ appreciate some applications of capacitors 

4 describe an electrostatic ld 

“+ appreciate Coulomb's 

‘define elec strength & and state tc unit 
(define capacitance and sate is unit 

1» describe a capacitor and deaw the cuit diagram symbol 
‘+ perfoe simple calculations invlving C = Q/V and Q'= 


etne clei ux density D and stats unit 
Sefineperminivity disinguishinghetween coe abd © 
storm simple cleans involving 

> 


ag. 
p=8 e=t m 2 
|e udertand th fra pall pit capt, 
n8,Aln—1) 
Z 


“+ perf caleultionsivolving capacitors coasted in parallel ania sexes 
4+ tine dite strength an sets nit 

“+ stte hat the energy sored ina capaci is given by 
4+ describe practical types eapcitor 

|e undrsand the precautions needed when discharging capacitors 


oe 


(CV? joules 


saueleetroic cients, Fr example capacitors awe 
es ‘osmootheciiatac oupasthey ae usedineecoa 

‘tunica equipment ~ such as tao receivers ~ for 
‘A capacitor an elecial device that is used wo store tuning to the eu frequeny. they ate ws in te 
‘leericl enor. Neat wo the resisteth capacitor is delay cleus, in electrical ltr, in oslo cic, 
the most commonly eacounteed component ia leci- alin magnetic resonance ining (MRD i medical 
‘alii Capacitors are wsedesensvely inceetrical jl anaes to ane but few pst plications 


Introduct 


n to capac 
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6.2. Electrostatic field 


Figure 6.1 sepeesnts two parallel metal plates, A and 
2 charge to differnt potentials. Wan election that 
hak ancatve charge i placed between the plate. 
stfoge wall act on the electron ending to ps i 8) 
fiom the negative plate B towards the positive pla 
A, Silay a positive charge would be ated by 
4 once tengo move i owatd the negative plas 
‘Any region such a that shown betwee the plats 
Fig. 61, in which mn lecicehargeeapenencesa fre 
incall a electrsttie ld, The isctiowof the Bld 
is defined a tht ofthe force ating on postive charge 
lead in the ld la Fig 6.1, the diction of the fee 
Teo the postive plat othe negative pt. Such 
eld ay be ropesented ia wugaitude and dvection by 
Ines of electri force drawn betwosn the charged sut- 
faces, The closeness ofthe lines ivan indication ofthe 
fold swength, Whenever apis established between 
two pois an elects ld wll always 


qm 


Figure 6 


‘Figure 6.24) shows typical Heli pater for an 0 
Inept charge, and Fig. 624b) shows the ld patns 
foradjcen charg of opposite pany Electric ines 
‘of fone often called electric Hu ines ae continuous 
‘start and ashon pout charges: als, he ines can- 
ot cous each aber. When a charged hody is placed 
‘oven uncharged body induced charge of oppo 
Sie sign appous on the surface ofthe uncharged 
‘Ths bectuse lines af once fom te charged Body 
‘eminate an ty srt. 

"The coacept of field lies oF tines of force is used 
toilet the propeties ofan lene Held However, 
it should be ememtered that they ate only aids 19 the 


imagination. 
"The fore of attraction or repulsion beeen two 


leccally charged bodies is propstonal to the mag 
itu of dee charges and inversely proportional the 
‘quae ofthe distance separating thee, 


ns 


fonee oc 


® 


» 


where constant 4910 
Colors tw. 

Hence the force between vo charged spheres ina with 
‘ices Homan spar and each casting charge of 
“FL5HC is given by 


This is know 


6x 10-9 
ox 10 
90 nestons 


6.3 Electric field strength 


‘igure 63 shows two pull conducting plates sepa 
‘ated reach otberby se They reconnected to opp 
site terminals of «baer of voltage V volts, Tete i 
‘reine alee eld inthe space been thea 
the ples are close wget, the elecehineso ee 
willbe steaight and pall and equally spaced, except 
‘ear the ede where fringing will cru (ce Fig. 6.1), 
‘Over the area in which theres nelle rng 


on 


force: = 19510") 


v 
 sotvmetre 


etre eld strength, = 1 
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—— 


Figures 


whee J isthe distance between the plates. Electie 
Told stengths also called potential gradient 


‘State elec elds arse fom electric charges, le 
‘wicfeld lines bepining and ending on elestiecharges. 
"Thus the presence ofthe Held indiates the presence of 
‘ual postive and negative lect charges onthe 140 
plates of Fig. 63. Let the charge be +0 coulis 0a 
‘ne plate and ~Q coulomb onthe otet. The popes 
of hs paiof plats which determines how mich carpe 
‘omespondsto a given pd. between the plats is alld 
their capacitance 


capacitance C= 2 


‘The unitofespacitance isthe faradF(ormore usually 
E=10-"F or pF= 10"7F, which is defined asthe 
“apacitance when «pdf one valk appears arom the 
plats when charged With one coulom. 


65. Capacito 


-Eyety system of electrical conductors psetes capac 
‘tance. For example, thre is capacitance betwee the 
‘conductors of overhead transmission lines and al be 
‘ween the wires of telephone cable ta these examples 
the capueitaace is undesirable but bas to be accepted, 
‘minimised or compensate for. Tete ate other su 
tions where eapuitance is desirable prope. 

‘Devices spriallyconsructd o pons capacitance 
sae called eapactors (or condensers, asthe wed 
‘called nits simples form a espacio consists of 
‘woplates which re epaai by an insulating aera, 
osasadlletre-A capacitors he aby stove 
quantity of sta lec. 


i a 


Feedeapacor Vata captor 


‘The sym fora aed caput anda variable capa 
‘toe used i elects citclt diagrams are shonin 
Fig.64 

‘The euarge (stored in capacitor piven by 


o 


whete 1 ix the cuten in amperes and the tne in 
second 


xt coulombs 


Problem 1. (4) Determine the pd acoss a4 
capacitor when charged with 5m. (b) Find the 


tdge ona SOpF capacitor when the voltage 
Ok, 
x 10-*F and 
Q=Sme=5 106, 
© then va Qa 5x10 
since C= 2 then y= B= S200" 
sto! S000 
a 
Hence pa. V = 2S0V 07 L25KV 


» 


= 50pF = 50 10 Fant 


Problem 2. diet cument ofA flows ito a 


eviously uncharged 204 F capacitor fr Im. 
Determine the pl between the plates. 


1248, C=20uF = 20 10°F and 
1 3x0, 
rere 


@ axa 
c 


06 10? =600V 


Hence, the pa, tet the plates 6O0V 
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Problems 3. A Sy capacitor is charged so that 
‘he pd between is plates 800. Calculate how 
Tong the capacitor can provide an aserage charge 
urea of 2A. 


C=5yF=5» 10-4, ¥=S00V and 
PH OA, 
x 10-4 800=4 x 90 


Ths 


107 
Frarad 


ty thefllowing exerlse 


Exercise26 Further problems on capacitors 


and capacitance 
1, Findthe cage ona 10, capacitor when the 
applied voltage is 20V, [2smcl 


Determinethe voltage across 1000 pFeapac- 
toro charge it with 2UC. AVI 


3, Thechageonthepltesofacapactoris6mC 
when the potential between them is 24. 
Determine the capacitance ofthe eapactor 

sue 


4. Forhow long mustacharing current of2A be 
fedioas uFeapacitrtoraisethepd- between 
‘tapas by SO0V. (125m 


5, Adiwetcureat of 10 flowsintoapreviously 
‘uyharged 5 UF eapactr for ts, Detemine 
the pls between the plats, EVI 


6. Al6,Feapucitoris charged at aconstant cur 
feat of yA fo 2min, Calculate the tinal pa 
‘eros the capacitor andthe camespanding 
‘ge in coulomb ov, AoC} 


7, A-steady current of 10A Bows im a pevi- 
ously uncharged capacitor for 15m when 
the pa. between the plats is 2LV. Find the 
eapuitnce ofthe capaci, |7.5uF] 


6.6 Electric fluxdensity 


‘Uni unis dine as eanating from a positive car 

of | coulomb, This elecie fx q ie measured in 

coulombs and fora carpe of Q coulomb, the Mux 
( couloms 

iets Mux density Di the amount of fax passing 

trough w defined area A that is perpendica to the 

isto ofthe 


tric ux density, D = 2 coulombs/metre® 
letre fas density, = 2 coulomb 


‘letric Hux density is also called charge denslty, 


Atany point ia elcid sheelotri eld stent 
F pains the eleceie Huy an produces parca 
‘value ofelecie Mu density Dat that post Fra eld 
established i Vacuum (oo practical purposes ina), 
‘he ratio DE icaconstant oe 


‘where scaled the permit of tree space oe the 
Ieespace constant The valu fy 68.85 10" =F, 
‘When at insulaiag medium, Such as ei, paper, 
plastic or craic, invoduced int the pion of a 
‘ected the aio wf DE ts oid 


» 


Paces 


wheres the relative permittivity of the insulating 
‘mater indie its insulating power compared with 
that of acu 


relative permitiiy, 


hasno uit Type values elude, 00: poly 
thee. 23: mica, 3-7 gla, 5-10, wate, 0: ceramics 
6-100, 

‘The product elle the absolute permittivity. 
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"The insulating medina separating charged susfaes is 
calls dieetrie- Compared wit eoudsctis, lee 
‘wcmaterialshave very highvessivies, They arte 
fone used separate conductors at ifere potent, 
suchas eapacr plates elec power ines. 


Problum 4. "Two parallel rectangular plats 
‘measuring 20cm by 4Dem carry an elecee charge 
6f0.24C Calculate te electric ux density. Ihe 
plate re spaced Smum sar and the yltage 
etween hem i 02S determine the elected 


Electr Hu density 


pa Qa 02410 _ 02108 
27 Wet OR 
250m 


Voltage V=025KV.—250¥ and plate sping. 
‘Sam —$ x 10-*m. 
Electr eld strength 


ae = 5001 
77a ve, 


robles "The fx density between wo plates 
sparsted by mica of reative penitivity $e 
2 Cin Find the voltage gradient between the 
plates, 
Flux density D=2uCin® = 2 10-*Chw, 
aS x 10° Fade, 
D/E =, hence voltage gradient, 


Dp _ 2x 
fa Es 
=452kVim0 


gE. 


Problum 6. "Two parallel pats having apd. of 
200 V between them ae spaced 0 Sma apa. What 
‘ste elec Hold suength? Find also the elec 
‘ux density when the dclectrc between the plates 
§s)c and polythene a lative prt 


lected strength 


v__ 20 


77 Ope ev 


(0) Foraiese, 


Db 
and 2 = ene 


Hence electri x density 
D= Een, 


250 10! e885 «10 


® 


Electr hx density 


D= Ene: 


(280 5 108885 5 10-123) Ch? 


5089 Cla? 


‘Now try the following exercise 


Exercise27_ Further problems on electric 
‘eld strength, electric fx 
density and permittivity 


(Where appropiate take ey a 485» 10- Fim) 


1. A capacitor uses a deleeic 0.6m thick 
fan operates a 30, What ste electric eld 
Songth aro the deletric a this voltage? 

[7S0kVin) 


‘A tworplae capacitor has «charge of 25C. 

the ctfective ata ofeach plate Som fnd 

the electric ux deni ofthe elect el 
[SOKA] 


3. A churge of 15 )C is caied on evo pual- 

Tet wetanguae plates each measuring 0s 

‘by Hum, Calculate he elect Hux density. 

1 he plates ae spaced 10 apart aad he 

‘lige between them is OSEV determine the 
level suength 

[S125 Cha, SORVin) 


4. Two parallel plates are spurte by a dilee- 
‘nk and charged with 10). Given tha the 
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s4eaofeach plates S0em: calculate thee: 
fee Mux density in the dilectie separating 
the plates. 

(amen 


'5. The electic Hux density between two plates 
separate by poly tyrencof relative pent 
fing 25 5 $C. Fd the voltage gradient 
tetwosn the pla, 26kVia) 


6. Two parallel plats having a pa of 250V 
tetween them ave spaced Imm apart. Dete- 
‘mine the elec Held stength. Find also 
the electric flux density when the dielectric 
erveen the plats is () ai and (b) nica oF 
relative permit S. 

[SOV (a) 2213, in2 
(8) 11.0632] 


plate capacitor 


Fora parallel plate capacitor as showa ia Fig, 6510, 
experiment stow that capacitance C x proportional 
‘heare A of plate, versely proportional to the pate 
spacing d (the dolce thickness and depends on 
‘the nate ofthe dle 


sued 


Capacitance, C= 6 foray 


hese fy = 885 10-17 Fn constant) 
ative pemivity 

ea of one of the plates... 

= thickness of deere ia 
Avather meth used to ictease the capacitance is 
to interleave several plats a6 shown in Fig. 6510), 
“Ten plats are shown, forming nine capacitors with a 
capaitance nine ties tha fone pao plate 
such an aangemeat has »platss tbe capacitance 
Coc 1). Thus capacitance 


evan) 


MM aeads 


‘Proflem 7. (@) A cera capacitor hasan 
effective plat tea ofc separated by 0.0m. 
fof ceramic of relative permitiviy 100, Caleulte 
the apactance ofthe capacitor ia pica 

(©) Ite capacitor in par (a) seven a charge of 
1L2uC what will bee pa between the plates? 


(a) Area A= den? =x 10-4? 
=O.) m= 01 107%, 


sy = 8.85 5 10-P Fln and e, 
Capacitance. 


came 


facade 


BAS 10-10 
ir 


ras) 
-- 


F 


aS 41082 


= UP 


Problem fA waxed paper capacitor has wo 
pall plates each of etective area 800m" the 
apace ofthe capacitors HOSpF determine 
the effective thicknets ofthe paper i its lative 
permimiity is 25 


00. 10-49? =O, 
25% 1-29 = BAS » 10°F 
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25, Sine 


06nd 

TT 

88510-25008 

a 
900. 


© then 


le 


Hence the thickness ofthe paper fs 04 mam, 


Problumt 9. A parallel plate capacitor has 
sigetee ntcteaed plates each 751 by 75am 
Sparse by mica sheets 02mm thick. Assuming 
the lative permitivty ofthe mica 5, calculate 


the capacitance ofthe capaci. 
S625 10-Em2, «=, ep =885 x 10-F Fl. and 
(0.2mm =0.2% 10-¥m Capacitance, 
soe Ata 1) 
a 
BS 10 5 S025 


D3 
00224) For 224 uF 


‘Now ty the fllowing exercise 


Exercse28 Further problems on parallel 
apacitors 


Fin) 


1. Acapactorconsistoftwo parallel pats each 
fof area 0.0 spaced 0. eam i ai Cale 
Tae the apactance in pcofands. [885 9F] 


A wated paper capacitor as two parallel 
Plates, cach of effective rea 0.27. If the 
Eapacitance is 4000pF termine the effec: 
tive thickness of the paper if relative 
permiiiy is (o.sssin) 


4. Cale the capacitance of «parle plate 
capacitor having $ plates, each 30mm by 
20m and separated bya diletic 0.75. 
thik having a velaive permitvity of 23, 

{658 pF] 

4 How sany plates has paral plate capaci- 
torhavng a eapactance of SAF each plate 
1S 4Onm by 40am and each dilecsie Is 


102mm thick with rlatve pemitivty 
6 m 


5. A pall plate capacitor is made from 
25 plates. cach 7am by 120mm inter 
leased with mica of relative permisivity 
5. If the capacitance of the capacitor 
3000p determine the tices ofthe mica 
see (2.970) 


6. A capacitor is construct with parallel plates 
and basa value of SOpF. What would be the 
apacitace ofthe capacitor ifthe plate area 
ie doubled and the pte spacing ie halved? 

eonpF 


7. The capacitance ofa parle plate eapacnor 
1s 1000p I as 19 plates, each SOmen by 
$num separated by adielcte of thickness 
‘aan, Detrnie the eelaive penitivity 
sof the diletne 57) 


The charge om the Square plates of 
plate eapacior ts $0.C when the potential 
tween them is SRV. 1 the capacitor has 
‘enty-fve plates separate bya delete at 
Ahicknes 10204 and eelaive penitivity 
43, determine he width of a plate 

Hom) 


9. A cspactr is to be constructed so tha ts 
‘xpactnce i250 pF and wo operat at pu 

‘6 100 acrou its teal, The dese 
tbe plytene ej =2.3) which, ater allow 
Inga safety faetoe has a dseeie steagth 

{of 20MVin, Find (a) the thickness ofthe 
pultheneacedd, and (h) the tea oa plate 
Tie} 00am () 10.44em5] 
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‘apacitors connected in pal 
and seri 


(a) Capacitors connected in parallel 


Figure 66 shows tee capacitors, C1, C2 and Cs con 
‘ected inparall witha supply volags V appli coxa 
the rangement 

‘When the chasing cuteat J reaches point Ai 
Aides, some Homing ito Cs some Nowing ito Ce 
Saul see into Cy, Henes the wal charge Qp(= 121) 
Tsdivided botwcon the dee capacitors. The epactos 
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yo 


Figure 8 


ach stow a charg and those are shown as Qy. Qs and 
(Qs respostiely. Hence 


Or=O1+U2+0s 
But Or = CY. 01 =CiV.02=C2V and 0s = CV. 
Thesfowe CV =CiV +CAV + CsV whose C is the 


total equivalent leu capacitance, Le. 
C=C 40,46, 
flows that fr w parallel coasete eapais, 
CHF oe 


ie the equivalent capacitance of a group of patallel- 
‘connected capacitors is the sum of the capacitances 
‘oF the india capacitors. (Note thar this forma i 
Similar o tat used for resistors connected in sere). 


(6) Capacitors connected in series 


Figure 67 shows tne capacitors, Cy, Cz an Cs, con 
nected Sees acsoss supply voltage V- Let the 
Pa aero the individual caps be Vi, Vs and Vs 
respectively as show. 


of} 2041-0 011-0 
rls cs 


Lette charge plate a of capacitor C) be +0 
pulobs. This induces an equal hut opposite chage 


‘of =2 coulomb on plate‘. The conductor between 
plas "sa es elececally olate ro the rest, 
ofthe etc so that an equal but opposite charge of 
“0 coulomhs must appear on plate", whichis an, 
{Induces an equal and opposite charge af —Qcoulombs 
fn plate and 0 

Hence whew capacitors ate connected in setes the 
charge oa each isthe same. Ina series crit 


‘where € isthe total equivalent ict apace, 
aiik ath, 4 
Cua Ge 
fll that for svieeconnected capacitors 
bade bi A 
o"a ate 


Le forseies- connected capacitors the reciprocal of the 
suivant capacitance is equal tothe sum ofthe recip 
focal ofthe individual capacitances. (Note tht this 
fovml is simile wo that used for esstors connected 


in parallel 
ortho special cate of two capacitors in sees: 
ttt este 
ca a Ge 
Hence 
oo) 


Problem 10. Calle the equalent capacitance 
of two capacitors of 64F and 4)F connected (a) a 
fala (bin series. 


(2) parle, oquivalencapacance, 
CAC $C: = 6K A UE 1O KE 


(©) Insevios, equivalent capacitance Cis gvenby: 


cic 


‘This formula is used for the special ease of 19 
apts ia series. Ths 
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Problem 11, What capacitance must be 
conpected in seros with 40, capacitor forthe 
‘yuivalent capacitance to be 12 WF? 


124 he equivalent capacitane) 
SOME and C; be the unkown capacitance, For 
‘wo capacitors in series 


Hence 


an 


CC) _ 12430 _ 360 


tae" ae 
Profle 12, Capactanes of 1 UF, 3uF, Si 
and 64 are connected in parle toa divest 
‘oliage supply of 100. Determine (athe 
‘yuivalent ecu capacitance, () the total charge, 
‘(the charge on cach capacitor. 


(a) The equivalent capacitance C fo four eapacitns 
In parle is given by: 


ine: 


(©) “Toa chatye Qy = CV where Cis the equivalent 
‘eel capacities Le 


r=1s 10" 154107 


1smc 


(6) The charge on the 1 eapactr 
Q)=C\V =1 x 10-*  100=041 mC 
“The charge an the 3,.F expan 

CV = 35 10% 100=03mC 

“Thechusge onthe SF capacitor 

Q,=CWV =5 10-100. 

“Thecharge an the 6. expacitar 

O.=C.V =5 5 10" 100= 06 mC 

Teheck aa pall circuit 

Or=O1+02+0:+04 

+ O:+0s+O1=01403405+08 

Lsme=@r) 


smc 


Problem 13. Capacitanees of MF, UF and 
124 are connected in erie cross 4380 supply 
Calculate (a) the equivalent evel capacitance, 
(Oythe charge on each capacitor, ad the pl 
yous each capacitor 


The cicut diagram is shown ia Fig. 68 


OauF Cee 6uF OyetOur 


as 


Figaro 


(2) The eguivalea civeit capacitance C for tee 
capacitors insets ie gven by 

a a 

nate 

rity t agen 7 

aetna Ao 

Hence the equivalent creutexpacitance 


5 
15aP or 74M 


() Toalehage Oy 


1 lip 
Seto 3s0 


V ence 


o 


6O0KC oF O.6mC 


Since the capacitors are enunected in serles 
(6mC isthe charge on ech of them, 


Ae) The vole etsy the 34Fcapaitn, 


o 
wae 
06% 0 _saoy 
Farr = 3M0V 


‘The volage cross the 6 capaitn, 
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The voltage across the 12 UF capacitor 


[eheck: Ina series cieit V 
Vit Vs Vy =200- 100-50 
sola] 


350" 


supe 


In practice, cpacitors ae aly connected in stoe 
unless they ae of the same capacitance. The season 
for this ean be cen from the above problera where the 
lowest valued capacitor (3) Bas the highest pd 
sczoas i (ie 200V) which means hat if al the eapai 
tora haye an identcal constuction the mist al heated 
the highest voltage 


Problem 14 For the arrangement shown ia 
"ig. 69 hn (a) the equivalent capacitance uf the 
‘ancl, (the voltage across Q2, and () the 
‘dre on each eapacio. 

2nF 


1 
HF 
L__o av 
Figaro) 


(a) 2K in pull with 3) gives an equivalent 
fapacitance of 2)F-+34F = 5. The cite ic 
owas showin Fig 6.10, 


6 
1H} 


b-—— 20y ——4 


‘The equivalent eapaitance of 5 Fin series with 
15KFis given by 


sats 
ae 


(©) ‘The change on each of the capactns shown in 
Fig. 610 willbe the sume since hey ae connected 
in series Let tis chage be ( coulomb 


Abo Vit¥s=240V 


ence 3V2+ Ve = 240 ftom equation (1) 
Tus v 


OV and Vi = 160 


ence the vultae across OR is 6OV 


(e) The charge on the 15 uF capaci is 


cay: 


1510-4 6 -09mC 


‘The ehuse onthe 2. capacitors 


24 10-180 —0.36mC 


‘The chuge onthe 3. capacitors 
35 10-10 —0s4me 


[Now try the following exercise 


[Exercise 29 Further problems on capacitor 
‘inparalleland series 


1. Capacitors of 24F and 64 are connected 
(alin pall and () i sees. Determine the 
cuvalent capacitance in each cave 

Ta) BHF) LS HF] 


2. Fd capacitance toe connected in seis 
‘with «LOWE capacitor for the guivaeat 
‘apaitance wo be 6 USE] 


3. What valu of capacitance would he obtained 
if capacitors of 0.15 .F and 0.10,F ate com 
eto (a) kn isan (bin pale? 

Ta) 0061) 0.25 ,F] 


4, Two 6,F eapacitos ame connected in series 
with one having a eapsctane af 12 HF. Fad 
the total equivalent cet capacitance, What 


n 


capacitance rte ud in series to obtain 
‘capactance of 124? 
(24M 2448] 


Determine te equivalent capacitance when 
the following capacitors ave connected (a) in 
Pll and (in seis 
(20 4uF and uF 
Gi) O02,F, 0.05 eF and 010 0F 
(Gi) S0pFand 0p 
Gv) 0.01, and 200pE 
Ta) KF) O.LT UF 
ai) SO0pF Gv) 0102. 
© © LEME Gi) OOS uF 
8) ASpF G9) 19649) 


For the arrangement shown i Fg. 6.11 find 
(a) the equivalent cecuit capacitance and 
(hy the volageacroosa4S uF capaci. 

Tia) 12) 100V), 


ASUF ASHP 45pF 


IHF ae 
ue we 
i 


eon 


Thyoe 124 Feapacitons ate connected in series 
scgoss a 750V supply. Caleulate (a) the 
equivalent capacitance, (b) the charge 0a 
tach eapacitor and (6) the pal, across each 
apace ((4)44F () 3m ()280V] 


ow capacitns having capacitances of SUF 
and 5AFsespctively ae connected in seis 
Scsost a 240 supply, determine (a) the pa 
scsoss each capacitor and (b) the charge 0a 
ech eapcitor 

Tia) 150V, OV (b) OAS mC om each 


InFig. 6.12 capacitors P,Q and ae ident 
cal andthe total equivalent apactnceof the 
fieeuitis3 KF Determine the values of P, 0 
iad 8 H2qF each) 


1. 


1 
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a5 
eur 
agp 
JI 
Poo OR 
igure 62 


(Copactaces of AUF, UF and 16yF axe 
‘connected pall actoss a 200 sup- 
Py-Deternine a) the equalenteapastance 
(bythe alee, and) the charge on each 
capacitor [a)25HF (15.60 

(6)08m€. 16m, 32mC) 


Altai consists of two capacitors P and Q 
in pra, connected in aries with ance 
‘capacitor The capacitances of P,Q atid R 
tue dF. 12 uF and SuP tespestively, When 
The cicueisconnectedacroes a 300V dsp 
Ply ind (athe total capacitance f the ete, 
(bythe pasos each capacitor, and) the 

charge on cach captor 
(a) 5.33 4F (by 100V across. 100 
acmnss Q, 200V across (¢) OC 00 P, 
12mCon 0. 16mC 0 RI 


For the ieit shown in Fig 6.13, determine 

(a) the toa eieutcapacitance, (h) the total 

ergy inthe crit and (che charges inthe 
‘apacitorsshowa as Cand C> 

[ay 0357} () LaLa 

(0) 42.45.Con each] 


l 


Figure 63 
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6.10 Dielectric strength 


‘The maxiguum amount of fl sueagth that adil 
‘wiecan withstand iscalled he dsetriestuength ofthe 
aera, Dislstie engi, 


Fu 


7 


Problea 15. A-capactor isto be construct 0 
‘aris capacance i .2).F ant ake & pal of 
1L2SRV acoss serials. The dieeec isto be 
‘nica which afer lloing a safety factor of 2, has 
dilece strength of SOMVn. Fd (a) he 
‘highness of the mica needed, and (the area oF 
pt assuming 4 two plate construction, (Assume 
{foemicato be 6) 


(2) Dislease strength, 


v 
Ey 

Vv _ 125.10 

ie doe Re 

0025 ua 


0210-40025 «10-9 
axe 


1 t.6ui? = 94cm 


6.11 Energy storedin capacitors 


“The energy, W, sored by a capacitor i 


yenby 


1 


W= $V" joes 


Probleat 16, (@) Determine the enesgy stored ina 
4 4Feapacitor when charg 1 40. (b) Find also 
the average power developed i his energy is 
Aisipated ina tne of 10h, 


Probie 17. A 12 capacitors quired wo 
store 4J of ener. Find hep. to whieh the 


apie iust be charged 
Energy stored 

ence 

a VF 


Era 


Problems 18. A capacitor is charged with LOC 
‘the energy stored 121 finda) the voltage 
sau the capacitance. 


0/V. ence 


2x12 , 
TE 02 ory 
0) Capacitunce 
2 txt tox 


v ase 


iLaT HE 
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[Now te the following exercise 


Exercse30 Further problems an energy 
storedin capacitors 


(Assume so = 8.85 «10-2 Fm) 


1. When acapcitor isconpected across 200V 
supply the charge i 4) Finda) the cap 
Stace and the enray stored, 

Ta) 002 uF) 0.4m) 


Find the energy stored ia 10K capacitor 
when hanged to 24V. P03 


3. A3300pFcapacio isreguiredo store 0.5 
of ener, Find the po Which the epactor 
‘st be charged {550V1 


4. Acapactoriecharged with nC. the energy 
‘toed is 043 find (a) the voltage and (b) te 
capacitance, [la 100) 80,7] 


5. A capacitor, consisting of two metal plates 

tech ofarea Say andspaced 0.2mm apartin 

Se isconnectod across 120 V supply Cale 

lave (2) the energy stored (h the elec ax 
density and the potential prion. 

Tia) 1503, (6) 5.31 Cin fo) 6004 a} 


6. A halolite capacitor is 0 be constucted 
have a eapaciance of OO4,F and t0 have 
2 sendy working potential of TLV maxi 
‘num Allowing Safe value of fl sess 
ff 25M find (a) the thickness of babe 
Tite guise, (b) the area of plate rei it 
‘herelatve privity of babeliteis 3,(6)the 
‘maui emery tre bythe capacitor and 
(Wake average power developedifthisenengy 
‘dissipate sn tine af 2045. 

(a) 0.04 () 36102 
(025 (8) 1) 


6.12 Practical types of cap. 


Practical types of capacitor ae characterized by the 
‘material used for thee dilecic. ‘The main types 
include: variable air, mica. paper, ceramic, plas 
‘nia oxide and slectlyie, 


1. Variable ale capacitors. These wually cass of 
to ets of met plates (such as lumii), one 


Aue, the oer variable. The st of moving plates 
toute om 2 spindle as shown by The end sew of 
Fig 618 


gure 6d 


[As the moving plates ae sot tough half 
revotion he meshing. and eteore te espa 
anc, vrs ronan tos masa value. 
arable a capacitors age use insole 
‘toners where erylow ose arerequiedor 
where vasiable capacitance is ceded. The man 
nus value of such expats is between S00 pE 
ant 1000p. 


‘Mica capacitors. typical olde type enstucion 
Isshowuin Fg 615, 


Usually the whole capacitor i impeegnated with 
eat and placed ina Dalit ease. Mia is easly 
‘hianed in thin sheets ands good insulator 

However. mica is expensive and is not used in 
‘capacitors above about O.2)F. A meaifd fem of 
tis capacitor tthe slvered mica type. The mica 
ie coated om both ses with a thi layer of silver 
which forme the plates. Capacitance i stable ad 
Tesliely to change witha. Such capacitors have 
‘constant capacitance wi change of etpeature, 
‘high working voltageratngandalng sevice lie 
tnd ate used i hgh frequency iets wih ed 
‘ales of capacitance up to about 1000 pE 


Paper capacitors. A typical paper capacitor is 
sown ia Fig 616 where dhe Length of the rll 
‘oresponds othe capacitance myuied. 
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Vigureaas 


The whole is usualy iapregnated with oil oc 
wat to exclude moisture, an hen placed in apa 

‘ie or aluinium container for protection, Paper 
capacitors are made in Various Working voltages 
‘upto about ISOKV and are used where loss snot 
‘ery important. The maimums valle of this type 
fof capacitor i between SW0pE and 104. Disa 

‘anages of paper capacitors include vasain ia 
‘capacitance with temperature change an a shorter 
‘ervice life than mot echer types of capactr 


4. Ceramle capacitors. These ae made ia ysious 
forms cach type of constuction depending onthe 
‘alu ofeapaciancesequted For high values, a 
tube of ceramic mater is used as showa inthe 
eosssection of Fig. 6.17. Fr sale values the 
‘up constction is sed a shown in Fig. 6.18, and 
feral smaller values the dic constuction shown 
‘nFig. 610s se, Cenain ceramic materials have 
Nery high port and this enables capacitors 
‘of high capacitance Yo be made which ae of stall 
physical size witha high working voltage rating 
(Ceramic capacitors are avaiable inthe ange 1 ta 
(0. ,Fandonay housed nigh equenc lectonic 
‘Sreuis subjec ta wide range of expertres, 


Ceniie conta 
(ea shee) 
Pigereoa7 


5S. Paste caputors. Some plastic materials such ax 
polystyrene and Teflon can be used as doers 
Const ie similar to the paper capacitor 
ut using a plastic Mn Instead af pape: Plastic 
capacitors operate well under conditions of high 


‘eon 
gure 68 


oan 
cone 


temperature provide recs alu of eapacitanee, 
sary long serve life and high reliability. 


‘Titanium oxide capactorshave a ery high capac 
‘tance with asl physical size when se at low 
temperate 


leeruytie capacitors. Construction ssi 19 
‘hepape capacitor withalusiiumfoilused forte 
plates and wih thick absortent mata, such a 
pe, npregnstd witha elceoyt (amononian 
orate, separating the plates. The fished eapaci- 
toris usually assembled ina aluminum container 
snd ermtially sealed. Is operation depends ot 
‘hefornation of atin aluninium oxide ayer onthe 
Positive plate by electrolytic action when suitable 
flet pote is mained betwen the plates, 
“This sie ayer is very thin an fous the dele 

tne. (The absorbent paper tween the ples is 
oauletor and does ao act aba dilate) Sich 
“apaitors mast always be used on de and ust 
bconnected withthe corect polarity this fot 
done the capacitor willbe destoyedsinc the oxide 
layer il be destroyed. Electrolytic expats are 
‘manufactured with workag voltage fom 6V 10 
{00 V.athough accuracy is generally not er igh 
These capacitors possess uch agercapaiance 
‘han other types of eapacitors of sila dimensions 
suetothe oxide him being oly afew microns hick. 
‘The act that they can be sel nly ond supplies 
lic tei usefulness, 
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6.13 Discharging capacitors 15. 10 vols applict toa capacitor rents ina 


charge of coulomb, What i the capaci- 


‘When  apactor as been disconect fom the sup tance ofthe capacitor? 
ply it may sil be chargil and it may esi this charge 

{or some considerable ime, Ths precautions must he 16 "Tyee 3) capacitors reconnected in par 
taken to ensure tha the capacitor automatically dis- allel The equivalent eapactnce i. 


shred aller the supply is switched of. This is done 


by connecting high Value ress across checapacuor 17+ Tee 3 capactorsareconnectedin sete, 


‘The equivalent capacitance i. 


terminals, 
18 Sta a disaivantage of series-conected 
capaci 
[Now try the following exercises 19, ‘Name de factors upon which capacitance 
depends 


Exercise31 Short answer questions on 


ee 20, What does velative perminivigy' mean? 


1. What isa capacitor? 21, Define “prmitivity of toe space’ 
Stat five practical applications of capaitons 22, Whats meant by the ieletric stent’ of 

4. Explain the term ‘locos material? 

4. Complete the statement: 23, Sue the formula wed w determine the 
Like charges une charges. energy stored by capacitor 

5. How can an ‘lceie field’ be established 24 Name fvetypesofcapacor commonly wed 


Eee Oe 25, Sheth typical rolled paper capacitor 


6. Whatiscapaciance? 
= 26. Explainelly the constuction ofa variable 


7. Sethe unit of eapaiance aireapacior 


4. Complete the statement 27. ‘Sethe advantages and one disadvantage 


Capacitance: fof mies eapacitoes 


Beueemeen 28. Name two disavantages uf paper capacors 


Gy IMF=.F()) IpP=.F 29, Between whit values of capacitance ane 
acme ceramic capacitor sormallywalale 


Aaa arieeile 30. What main advantages do plastic capacitors 


poe? 

Uae oe ease 51 Explain bi the conseustion of an cle 
ete Hux density D = = srl capacitor 

12, Draw te ewe cet dag ymtat 2%, What minding oto 


fora capacitor 
33, Name an portant advantage of elecolyie 


13, Name to practical examples where capci- pica 


‘ance is present although undesirable 

34 What safery precautions should be taken 

when 2 capacitor ie disconoected from a 
supply? 


14, "The insulating material separating the plates 
‘oF capacitors aed the 
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Exercse32 Multichoice questions on 
‘capacitors and capacitance 
(Answers on page 420) 


1, Electrostatic ia beanch of electricity con- 
ceed with 
(2) eneeay owing across a gap between 
‘conductors 
(0) charges atest 
(6) charges in motion 
(4) eneesy in he Fre of chaos 


‘The capacitance ofa capacitor isthe ratio 

(a) charge to pa berwcen plates 

(0) pd betwoen plats to plate spacing 

(©) pal between plates 10 thikness of 
Ailetie 

(4) pu betwoon plats charge 


3. The pa cross a 10, eapactor io charge it 
with me 9° 
@ 10y ® iy 
ow i@ ov 


4, The chu on & 10p capacitor when the 
wolige applied itis ORV is ia 
(@) 1000 wo) one 
@ 1c (8) 001ye 


S. Four 2)F capaciors ate connected in pral- 

JeL The equivalent capacitance is 

@) SuF (0) OSKF 

© KF (© 6uF 
(6, Four 24F capacitors are coaneted in series 

‘The equivalent eapactance is 

(@) SF 0) O5KE 

@ 2uF @ 6uF 4 
11. State Which of he following i fale 

‘The capacance of capacitor 

(2) ixproporioal tothe cross-sectional rea 

ofthe pts 


(0) ssproporinaltothedistance etweenthe 
plates 
(6) depends onthe numer of plates 


(4) peoponioal the eave penitity 
ofthe dike 


Which ofthe following statement i false? 

(@) Aa air capacitor is aormally 3 vase 
able ype 

(©) A paper capacitor zenerally has shorter 
service Me than most ther types of 

apacitor 

‘A electlytic capacitor must be ase 

aly oa a Suplis 

(Plastic capacitors gencaly operate sa 
fsfactorly unde conditions of high tem 
perature 


‘The energy sored in a 10) capacitor when 

charg 1 S00 is 

(125m () on2sis 

(@ 125 (a 13sec 

‘The capacitance of a variable a capacitor is 

at maximum when 

(2) the movable plas half overlap the ed 
plates 

(©) the movable pts ane ost widely sepa 
‘ated rom te fined pats 

(e) both sets of plats ae esetly meshed 

(a) the movable plates ae close wo one side 
ofthe iced plate than tothe other 


{When a voltage of EV is applied to capac 
tog, the charge onthe captors S040. The 
‘capacitance of the capacitors. 

f) 2<10'F (b) 5p 

(© O5mE (a) OS HF 


Magnetic circuits 


| avi en tis tr you shale abe: 
“+ appreciate some applications of magnets 


+ eerie he magi el and pans mags 
‘esta the laws of magnetic attraction an eplsion for to magnets in lose proxinity 


“+ tine magi a, nd agit ax es 
“+ pesto simple cations iaolvig B= 4/4 


‘Ban state thie wits 


| define magnetomotive ore, Fy and magnetic field engi, Hand tte the wits 


‘+ perform simple calculations involving Fa 


aH 


at 


[ep Reese tenets berwen Ho me 
“+ understand the B-H curves fr diferent magic materials 


“= eit pial aes 
| tim tos ing pant 
12 dence st i 


7a 


"The study of magnetism began in the thineeah con 
tury with many eminent scents and physicists 
such ax Willam Gilbert, Hans Chistian’ Osta, 
‘Michael Faraday. James Maxwell, André Ampive 
and Wilbeln Weber all having some dapat oa the 
Subject since, "The association between locity 


“appreciate how a hysteresis oo is obained and that hysteresis ss is propotona tis ea 


aud mupnetisn is fasly seeent finding in com- 
paison with the very fist understanding of basic 
‘magneton, 

“Toda. sgoots have many varied practical apll- 
cations. For example, they ate used in mors and 
seers, telephones, lah, loudspeakers, compar 
hard deives and lppy disks, anti-lock beaks, cam 
fax, fishing res, elctonie inition systems, ey 
oat, Land aio composes and ia tassmision 
‘quipment 
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"The ul theory of magnet sone ofthe most com 
ples of subjets: this chapter provides ws iatodueion 
othe wpic 


7.2. Magnetic fields 


‘A permanent magnets piece of feomagneticmate- 
‘al Gch as toa nike or cobalt) which has pestis 
“atacting ther pieces of these material. Ape 
neat magoet will posi ise ia @ gon and south 
‘ection when ely suspended The not-seeking er 
‘of the mugnet is called the north pole, N, ad the 
Soutl-secking end the south pole, 8. 

"The fea sound a mapoct i called the magnetle 
fed ui in this atea thatthe effet af the mnag- 
netic foree produced by the magnet ean be detecied 
‘A magnetic eld cannot be sen, fl, sel hea 
fan theefoe i ifaw epesent. Miche! Faraday 
Suggested thatthe magnet Held cou be repeesented 
Petry, by imagining the eld to consist of Unes 
‘of magnet Mus, hich enables investigation of the 
‘isuution and density ofthe eld 1 be eared ou 

‘The distution of 3 magnetic Held ean be ivesi- 
ated by using some iow lings. bar mage placed 
‘ona lat surface covered by caoard, ypon which 
isspunkld some on ings ecards zetly 
tapped the Slings will sume a ptr sinla that 
‘Bown in Fig. 71 fa auber of magnets of diferent 
seagth ate use. tis oundhatte songer the Heldthe 
loser aretelinesof magetc Hux and vice yrs, Thus 
4 magoetic ld has the property of exerting a fre 
‘demonstrated in his case hy causing the ron lings to 
ove into the pater show, The stength of the mag 
etic eld dcreaee as we moveaway fom the magne, 
shouldbe else, ofcourse that the magnetic Held 
iethvee dimensional init elect, and not acting in ane 
plane at appears wo be the casein 


acompas spaced inthe magnetic eld in various 
positions. the drestion of the ines of fax aye deter 
‘ined by nating the digestion ofthe compass postr 
“The dictio of a magnetic eld a any pot aken 
2s that ln wich the neth-seeking poe of compass 
‘cele points when suspended i the Hel The die 
ton of ine of fx is rr the nth pole tthe south 
pole onthe ouside ofthemagnet and isthenassumed 
outaue dough the magnet back tthe pot at which, 
‘emenged at tbe sonh pole, Thus sul lines of 
always fon complete clased loops or pats, they aver 
{nterset and always have s dette diecion. 

‘The laws of magnetic ataction and repulsion canbe 
emonstaed by using two bar magnets, Ia Fig. 72), 
‘with unlike poles adjacent, attraction takes place 
‘ines of fate imagined to contact and the mages 
‘my 1 pull together The magnetic eld is stooges 
tween the two magnets shows by the Hoes of Hu 
ing close weer ln Fp. 7.21), with salar poles 
aljcent (Le. two north pols), repulsion aces, Le. 
‘hetwo noah poles uy 10 push each ower apart, since 
‘mapsetic Mus lines running side hy side inthe ame 
Aiection repel, 


> == (are 
7 — 
® 

© 

7.3 Magi 


‘Magaetie Hux isthe amoust of magni eld (or the 
‘umber oflinesof free produced by amagnetiesouce 
“The sys for magnetic Bux i @ (Cock eto ph, 
‘The unit of magnede fax sthe weber, Wb 

Magaatie ux density is the amount of Aux pus 
ing trough a dein tea thats perpeniculr to the 
isto ofthe fan: 

magnetics 


Magnet density = “2BMtE 
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‘The symbol for mapactie Bux density is B. The unit of 
snagaetc Ma density isthe wa, These 
UP 1 Whi Heace 


Problem 1. A magntic pole face has a 
ectangularetion having dimensions 200mm by 
100. Ifthe otal fax emerging fom the ples 
130,Wh, calculate the ux density 


2000010" a 
@ iste 
Pu demiy = 9 = I 
OST 0 7ST 


Problem 2, "The maximum Working Sux density 
of alifting clectomapoet is AT and the eective 
‘ea ofa poe fae is tela in cxose-sction 
‘Ife tua magnetic Hux produced is 353m, 
etemine the ads ofthe poe fae. 


lus density #=18T and 
‘ye =383mWb= 353 10-FWh, 
Since 8 =0/4, cross-sectional aes 


8 


353104 


= 61 


‘The pole fice is cicuar,Nence ares=a7*, where 
is the ads. Hence 7°=0.1961 fom hich, 
2=0.1061/2 and suas 7 = /TOTOBTTAT =0.2800, 
‘Le the radiu ofthe pole fees 250mm, 


force and 
ath 


7.4 Magnetomoti 
magnetic field 


‘Magnetomative force (mun) is the cause of the 
existence of amapactic Hux ina magnetic crcl, 


mmf, 


VF amperes 


‘whore Vis the number of conductors (oe tums} and 
1 isthe curent in amperes, The unit of mand is 
sometines expressed as amperes’ However sie 
ums have a dimensions the S.-unitoF isthe 
ampere. 


‘Magnet fla strength (oc magnetsing fore) 


wheres the mean Jet ofthe Hux path ia mete. 
Thue 


nant 


1 amperes 


Probe 3. A magntising foe of 800 Af ie 
plied oa cela magnetic cuit of mean 
ameter cm bypassing a curent though a coil 
‘wound onthe csc Ifthe coils uniformly wound 
‘ound the ciscuit and as 70 tums find the 
tet inthe coi 


a and 


H =8000 Aj, =ard-=2 3010 
NT, Since H=N1/l then 


“Tus, current = 10.054, 


[Now try the following exercise 


Exercise 33. Further problems on magnetic 
dreuite 


1. What the x density ina magnetic eld of 

fonesctional aren 20a? having fax of 
Sao? ust) 
Determine theta fx emersing fomamas- 


‘etic pole face having disensons Sem by 
‘Gsm, the fs density is 0.07 


3. Themaximum working ux density ofaliting 
lectomagnet is LT and the effective aca 
ff poe face is cicular in exosssecion. IF 
‘the total magnetic Hux peeved is 611 WD 
een the adi ofthe poke ae 

bem) 


4. A cumest of SA is passed through « L000 

‘um coil Wound on a circular magnetic crit 

‘of rade 120mm, Calculate (a) the emg 

Tomutive fore, and (b) the magnetic eld 
‘sreagh. 

[12 3000 (6531 An) 

‘5. Anelecromagnet of uate ross-setion po- 

‘duces aux density of OAS Ibe magaetic 
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flux is 720,.Wh find the dimensions of the 
electromagnet eroeesetion. 
(em by dem} 


(6. Find the magnetic fold suength applied 10 4 
‘magnetic ecu of mean length Om when 
1c of 400 ums appli oi caging 
auton of 124 [960 a) 


A solenoid 20em long is wound with Stuns 
of wise. Fi the custent eeguted 10 estab 
Tisha magntsing force of 2500 Nn inside 
the solenoid Al 


KA. mipnetic tld strength of $000 Alm is 
Applied toa evel magnetic crest of mean 
aot 250 nun. the coi hs S00 tars id 
the current ia the col [7aSA) 


75 Permeability and B-H curves 


Fora or ay noa-magnetic median, the tio of ma 
oie fue density to maghetsing force isa constant, 
ie B/H a constant. This constant iyo the perme 
bly of tree space (or the magni space estat) 
dnd is equal to 410-7 Hla, Le TOF ale, oF any 
onsnagnetie medians, te 1 


a 


(Attough all on-mapsctic matevals, including ait 
exhibit slight magnetic properties, hese can effectively 
honepected) 

For all dia other than fre space, 


a 
a Hol 


where isthe relative permeability and is defined as 


a vatios withthe typeof mapnetic material and, since 
itis ratio of ux denies, it has ao unit, From it 
‘efatio, fora vacuum is 

Hotty = called the absolute permeability 

By plowing measured values of fu density against 
rnagoctic eld suength Ha magnetisaion curve (oe 
B-H eure) is produced. For non-magnetic materials 
this isa staigh ine Typical euves for our magnetic 
materials are shown in ig. 73 


e 
Fad 
: 
bo ars 
ol HH ct 
eae tech Mi 


‘The relative permeability ofa feromagsetc mate 
sili proportional wo the slope ofthe B-H curve and 
‘huss withthe magnetic eld swength. The approx 
imate range of values of relative permeability Jo or 
some common magnetic materials ar: 


Castizon p= 100-280 
Mildsteel j,=200-800 
Sion oi, =1000-5000 


Castes! 300-900 
Mumetal —j.=200-5000 
Salley 4 =500-6000 


Problem A Mux density 0127 is produce in 


4 pucce of est sta by a mapnetising force of 
1280. Find the elaive peneablity of the tet 
ner these conditions. 


Fora magnetic material: Boje Ht 
a 12 

fe w= Tor ero 7 

Problem 5. Detenmine the magnetic eld sensi 


sua the mins. required to produce aux density of 
O25Tia an airsap of leash 12, 
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Problum 6 coil of 300 wens is wound 
‘uniformly ona ving of non-magnetic material. The 
ringhas a mean cscumference of (Oem and 3 
‘ifm erosesctonal tea of dem! the curteat 
‘nthe col is A, calculate (a) the magaetc eld 
strength (bth Hux density and the tol 
‘magaetc Hux inthe ag. 


(a) Mapntic eld sength 


tus fs 


ie Bada x WT 43750 
47aw 


(Flux O= A= (4.712 10-4 10- 


85 WO 


Problem 7. An ton ing of mean diameter Wem 
‘suaifonny wound with 2000 tus of wie. When 


‘eument of 025s pused though the cil a fl 
ensity of 04T is set up inthe won. Fl (athe 
‘magnetsing foes and(b) the elative peneabiiy 
‘ofthe ina under these conditions. 


Ne__20005 025 


(== ox 
1502 
(0) B= joyt. hence 
A oa 
MH 


fal ~ TTT 


Probes A usifonn ing feast ou has a 
oss sectional are of 1c ana mean 
‘ieeumference of 20cm, Determine the mn 
fscessay to poduce x fu of 0.3mnWb inthe og 
“The mgaetstion curve for easton is dow 


20en 
@ 03x10 
Fin density 8 = $= 932107 oar 


om the magaetbation cuve foe cast ion oa 
page 40, when B=03T. H=L000Ain, hence 
umf—i1!— 1000 <02=200A 

‘Atabular method could have been wed in ths pablo, 
Sacha solutions sown Blow i Tale 7 


Problem 9. From the magnetiston curve fr 
east ra, shown on page 0, drive the eave of 
gains 


B= uct ence 


toa 
wa 
woe 
aed 


A pusaber of co-ordinates are selected fora the B-H. 
‘ure and iscaculted foreach at sbown in Table72. 
Iie is pleted against Has shown in Fig. 74. The 
‘uve demonstates the change that curs inthe elaine 
permeability the mupnetising fore increases, 


Table 


Partot Material 


1 tom 
raph on 
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Tble72 
HiA/m) 200400 $00 10001500 2000 3000 4000000 0007000 


Inserted into the solenoid of pst (a). Fad the 
hx density now ia the solenoid 
{1a) 1005 st) 15087) 


4. Find the relive penneabilty of 
material if the absolute permeability is 
4.0846 10-4 Ts} 


5. Find the slave permeability of piece of si 
ico ion i ux density of 13 pdced 
‘bya magnetic ld sength of 700m. 

i) 


6. Ase ing of mean diameter 120mm is ui- 
Foemly wound wih 1500 uns of wie. When 
s.cuten of 0.30 is panied through he coi 
fx deny of 1ST eet up inthe sel Find 

Peon the telative penteabiliy of the sth under 

ail thse conditions umn} 


i ooo 

Now ry he lowing exrcie peels! sient tel 

Geael en Tid heel easeel in 

Collet 2dr pence ngs pdace 

‘Exercise 34 Further problems on magnetic a flux of O.8mWb. (Use the magnetisation 
teats tiny (ron sl shore on pope) 


(Where appropiate, asume jig =4 x10" Hin) [0.601 


Find ie nogutc fold eng wd ne mag: 4. (a) A uniforms tet ng has a dmser 
nai cs anal HESSEN fe ‘of Sem and eossectinal rea of en 
density of 0337 nana apf length 15am ‘ermine the man cesar to produce & 

{1a} 262600 An) 393941, Ahaxut 0 ,Woin ering. (Use the B-tHeurve 


formildstoelshowauo page 80) (b)1racotat 


FA ar ee hives a pol eae pe 440 tra is wound uniformly around the rag 


spatiale annhete in Pat (a) wha cusent woul he rquied to 
prea are errs produce the fux?—[(a) 10A(8)025) 
0:75 find them. necessary 9. From the magnetstion cuve for mild steel 
(23970) shown on page 8, deive the curve af lative 

psmeahity against mapnctic Sel stength 

3, (a) Determine the ux density produced in an From your raph detesnine (a the valu of 
accord solenoid du wo a uniform magnetic when the magnetic el strengths 1200, 
eld strength ot 800 Af, (be having 3 nd (bth value the magnet fe strength 


relaive peaneablity uf 180 a 8000 Am is when SOD, a) 50-600 (6) 2000] 
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7.6 Reluctance 


Reluctance (or Ru) tthe ‘magnetic resins” of 
‘2 mugneic ciel to the presence of magnetic ux. 
Reluctance, 

Fu_M mt 1 
oe A eA 


‘The unt of eeluctance is 1/H (oH!) or AWD, 
Ferromagnetic materials have a low reluctance and 
an be une 36 magnetic sereens Io reve sagt 
os ffetng matsas withthe seen. 


Problem 10, Detemine the reluctance of piece 
of munetl of length 150mm and eros setonal 
‘ea 1800? when te lative erneabiity is 
{009. Find ls the absolute perneaily of the 
‘mumel. 


‘Reluctance, 
1 
Tama 
150% 10> 
TI TOOT 
= 16580 


Absolute permeability, 


robles 1, A mild steel ing has eas of 
Onan and a cos-sectonal area of 400m". 
fuent of 05 flows ina coll wound uiforly 
‘ound the sing and he Mux peoduced is 0.120 
he elaivepeneabiity this value of eters 
200 (a) te eeluctance ofthe mld tel and 
(he number a tas oa te coi. 


0 10-* 
00 


Tomek 
da Sx 10-7 
ETT 


=4asc10"/H 


mag 
e 
mai=s0 te Ni 


Hence umber af terms 


foo which 


so 


SO _ 325100 0 
Ts 
625turne 


” 


(Where appeopriate assume paar 10-7 Hin) 


1, Par of a magnetic cet is made from sel 
‘of length 120mm, coss-sectonal area IS? 
Andselaive permeability 00, Calculate) the 
Teluctance and (b) the absolute permeability of 
testes, 

[(2) 79580 /4() oak) 


2A mild steel closed magnetic cieuit has a 
mean length of aun and a ersssetional 
sre of 32021, A curent of 40A Hows 
ina eo wound wiforaly aru the cieuit 
aa the flux prac i 200,.W. the rl 
‘ve permeability ofthe ste at this value of 
‘urea i 400 i (a) the tlucance of the 
mae and (b) the number of turns ofthe 
co 

(a) 466000 (0) 233), 


‘Composite series magnetic 


Fora series sagoetic ciel having part, the total 
reluctance Sis piven by: S'= Sy-+S24- +55 (This 
‘is similar to resistors connected seis in aneectecal 


Problem 12. A closed magnticeiecuit of cast 
stel contains 6m long pth of eos-sectional 
‘ea Ica anda 2em pat of cross-sectional area 
(Sem Aco of 200 turns is wound around the 
{cr length ofthe eeu anda curren of 4 

‘os. Determine the Hux density inthe 2em path, 
‘the veltive permeability ofthe cast stele 750 
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For the 6em long path: 


Relucaace $; = — 


Tone 


366 108/H 


For the 2em long path: 


Relucance $;— 


ror 


210 
eT TOOS TT 


4.240 10" 


‘Total cnt reluctance 


+S 
366 +4244) «108 


1061 10H. 

mat ma, _ NI 

sa BE eo BBE LM 
200 04 


RO rst ctw 


Flu density in the 2erm ph 


@_1s4e 0 


ber Crs ae 


sit 


robles 13, A alicon ion rng of crosesectional 
rea Sean asa ralila gp of 2am cut sto tI 
‘the mean length ofthe slicon om pais 40cm 
‘alee the maghetmotive force ty produce a us 
{FO mWh The magoetisation curve Tor scons 
shown on page #0. 


‘Therearwo partstothe ciecit—the silicon ronan the 
tir gap, The ttl ans, wil be the sum of the man 
‘ofeach pa 


For the siliconiron: 


e07Kw ay 
a7 3x 


From the B-H curve for silicon ion on page 80, when 
LAT, H=16S0 Alm, Hence the mia. forthe eo, 
path= Hi= 165004660. 


Forthe air gap: 
‘The fux density willbe the same ia the ae gap a a 
‘he on, Le 1A (This asunes no leakage o ings 
‘cousin Foe 


‘A tubular method could have heen we shown ia 
“Table 7.3 at tp of next pags, 


Problems 14. Figure 7S shows aig famed with 
to diferent eral cast sel and wild sel. 


‘The dimensions ae; 


Castseel 300mm 312.Sau 


Find the total man required to cause a ux of 
5004 W athe magnetic eee. Determine also 
the toa rei reluctance, 


A tubular solutions shown a Table 7. on page 85 


200 
= a 


10a 


Problem 15. A section through a magnetic 
‘iteuit of uniform eos-sectional ea es 
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Table73 
Part o 


Airgop Air 07x10 sxc10- 


‘Tahte74 


Part of Material #(WYb) 


showin Fig. 7,6, The eas steal core has a mean 
Tenythaf 25cm, The i gap is Lng wide andthe 
fl hs S000 tums. The B-H curve for east sel 

‘shown page 80, Determine the cuenta the 
lo peoducea flux density of O80 iathe air gp, 
sss that al the ux pases though bok pats 
ofthe magoedc init. 


re 


igure 746 


Forth east sto cone, when B=0.80T, H=750 Aim, 
rm page 80). 


Reluctance of core §, = —* 


Tae 


oh Ht a= 


14 24107 


30010-71440 


25 10°2)150) 
TORRY 


Lrou0yH 


Forthe air gap: 


Reluctance, Ss 


orale) 


1x10 
Cael 


9000/4 


“Toul cies ectance 


S=5148:= 1172043979000 
15 1000/H1 
Flus @=24=0302 5 10-4=1.610-4Wh 
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and 


8 


mat, 
? 


maf. =Sheme MSO 


5 _(5151000)01.6 10-4) 
7-0 
=04658 


[Now ty the following exercise 


Exercise 36 Further problems an 


‘composite series magnetic 
creat 


A. mguetic circuit af cross-sectional area 
(.4em® consists of one pat Sem long, of 
rmaerial having relative penneability 1200, 
fn second part 2m long of atti having 
relative permeability 750. Wath a 100 urncoll 
Carrying 2A. tnd the valu of ux existing ia 
the ici, [0.195] 


(a) Acast tol ing ha a eros-setina aca 
‘60a and eadsof 25mm, Determine 
the mans, necessary 10 establish 4 Aux of 
mW ia the rag. Use the B-H curve for 
cast tel shown on page 80, (b) Ia radial ie 
ap 1.Stam wide fe cut in the rng of pat (a) 
Find he man. ow necessary to mtn the 
me fu inthe rng. 

(10) 2704 1860) 


A closed magnetic czeuit made of silicon 
iton consis of «mn long path of cron 
‘ectonal tea 90mm? and Sta log path 
ff eros-seconal rca TOmn?, A coil of 
50 tums is Wound around the 4mm length, 
fof the ctcuit and eutent of O39 ow, 
Fad the flux density inthe Sma length path 
if the tlaive permeability ofthe silicon on 
this alu of magnets Foe i 3000, 
son) 
For the magnetic ict shown in Fig. 77 fad 
the curent 7 inthe coil needed to produce a 
fluc of 0.45mWb i the ar gap. The silicon 


ton magnetic cit bas 8 uniform exo 
sectional rea of Sern? ais mpnetisation 
‘curve iar shown on page #0, [OSA 


[eee 


‘A ing forming a magnetic cieit is made 
fiom two muerias; one pat i mild tel 
fof wean leah 25cm and xoss-sectional 
fread, and he femainde seas ion of 
mean length 20m and cross-sectional area 
“Sen? Use a tabular approach vo determine 
the total man required to cause a fix of 
(030mW0 inthe magnetic ete. Find ako 
the total reluctance of the ert, Use the 
agoetistion curves shown on page 80, 
[SOA 143 3108/4] 


Figure 7.8 shows the magnetic cieuit of a 
relay, Whe each of the si gape are Sc 
tie find the mans. requied to produce 4 
ux density of 0.75 in the i gaps, Use the 
B-HLeuresshownonpage 80. (2070) 


vol 


s 


NES 


fom” SEE 
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cuent1(A) ux © (WD) 


Hysteresis loop 
Let 4 ferromagnetic material which is completely 
emagoetsed, te one i which =H -—Dhe subjected 
to increasing values of magnetic Held eng Hf and 
the eodesponding ux density B measured. The reul- 
ingrelaoashiphetween B and is howahy the ewve 
(Oa ia Fig. 79. Ata pareulr vale of H.shown 
(theses dificult increase the ux density any 
futher The material sao be surat, Ths by is 
the saturation fax density 


Figure79 


the value of #6 ow seduce it found that 
‘he Hut density follows curve be- Whes Hi edaced, 
to zero, Hu texans i the ion, This remanent fx 
density or remanence is shown as Oe in Fi. 70 
‘When H isincteased in the opposite disso, the Bux 
ensty deeeases unt, a a value shown a6 Od. the 
‘ux density has boen seduced 10 20. The magnetic 
‘eld suength Od equzed to emo the esidul ag 
ott, Le reduce #0 200, is called the evoreve 
fhvee 

Farber ineesse of Hin the revere direction causes 
‘he fue density to inzeasein he reverse dition uti 
satuatonseeached shown by ere de LF His ae 
te ckwards fom Ox to Oy the fx density follows 
the curve eh, similar tscurve bee 

1 is seen fom Fig. 7 that the fx density 
anges lag behind the changes inthe magnetic Bld 
Strength, This effet is ell hysteresis, The closed, 
Sigue Bedefgh is call the hysteresis Hoop (oe te 
BUH top 


Hysteresis loss 
‘A duane in he agnneat ofthe domi (a 
‘poups of sons) of 3 feromagatic mae cat 
ESergy to be expend in taking though a cycle 
et magetsation This ney apps as eat in he 
Specie scl he stereo 

“The ener lw ssolated ih yee pro 
pronal to the are ofthe hyterets bop 

Thee fa yes oop varies wih he pe 
storia, The ae. ad th the energy ons ch 
ater ord materia oso ati 

Figue 7.10 shows type hysteresis loop fo 


(0) hard matertal, which ha high remanence Oc 
and age eoeeviy Od 

(0) suftstee, which has large remanence and seal 
coetivity 

() fete, this Being a coramicike anggctic sub- 
Stance mule fom oxides of ion, nickel, coal, 
‘magnesium, aluminium and manganese: the bys 
ters of fei is ety sal, 


For ac-etcted devious the hysteresis loop is epeated 
ery ele of alternating cure. Thusasteess oop 
‘witha lage wea (as wth had ste) is often unsuitable 
Since the energy’ loss would be considerable Silicon 
Stel has 2 aarow hysteresis loop and thus sal hy 
teres Ton, and ls sable for tansforter coves a 
rotating machine armatures, 
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"Now try the fllowing exercises 


Exercse37  Shortanswer questions on 
‘magnetic creults 


1, State six practical applleatons of magnets 

2. What permanent magnet? 

43, Sketch the panem ofthe mapnctic eld ss 
‘late witha har magnet, Mak the direction 
ofthe fel. 

4. Define magnetic ux 


5. The symbol for magnetic flux i and the 
unico fax isthe, 


6 Define magnetic fax density 


7, The symbol for magnetic dx density 
ad the uit of fx desiy is 


4. Thesymbol for mantis. and he unit of 
mumiisthe, 


9. Another name forthe magnetising force is 
is symbol sands ni 


10. 


4 


16, 


”. 


a 


Complete the statment 


fx density 
ey 


What is absolute permeaiiy? 


‘The value ofthe permeability f ee space 


‘What is magoedstion curve? 


“The symbol ference 
ofrelutae is 


the uit 


Make a comparison tetween magnetic and 
clectical quantities 


What is hysteresis? 


Draw a ypieal hysteresis loop and on it 
iaenuy 

(a) saturation Bux density 

(b) remanence 

(6) coctcive force 


‘State the unis of (a) semanence b) coeive 
fone 


How is magnetic serening achieved? 


Complete the sateen: magnetic materials 
‘haved. reluctance: non-magnetic materials 
havea olucanee 


What loss is aso with bystensis? 


Exercise38 Multichoice questions on 


1 


rmagneticcreuts 
‘Answers on page 420) 
‘The unitof magnetic fue density ithe 


(0) weber () weber por mate 
(© ampere permete (ela 


“The total ux inthe cone ofan elesecal 
machine is 20007 and ite fx deity 
TT. The craectional anes ofthe cre i 
f) 005m" 0) 002m" 

(© 20m (@) 0m! 
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a 


{she toal fina apneic crete 2 
And the crostsectonal area ofthe ici is 
Tem the fx density i 

(a) 027 (2 

(@ 207 (a) 20m 


Questions 4 refer to the follwing data: 
‘Acai of 100 turns x wound uniformly on 
4 Wooden ig. The rng asa mean esc 
Fevence of 1m an uniform ersssetional 
syoa of 10cm, The cuttin the coils A. 


‘The magnetomative fore is 


(@ 1A () toa 
(©) 00a (@) L000 

‘The magnetic eld suength is 

(a) 1m () 1OAra 

(6) 100Am (4) 100A 
‘The magnetic flux density: 

(a) S007 0) BS 10-7 


(© 4exlO7T Gd) soe uT 


‘The magnetic fis: 
(a) O0trywh (by GOLWy 


(6 RSSWW) (a) de WO 
‘The reluctance i 
108 
@ ae ()-1000H-" 
ae ot 
@ 2 a0 at 
oF on 


Which ofthe fllowing statements is fas? 

(4) For nonmagnetic materials wluctance 
ishish 

(bm Enesgy le due to hysteresis is greser 
or hater magnetic materials tha for 
softer magpetic materials 


1. 


(6) The emanence of a enous material is 
smessued in ampertre 

(a) Absolute penneabiay is measured ia 
henry per mete 


‘The cute wing in a S00 tun col wound 
(ov an ton sng is 4. The reluctance of the 
leit is 2» 10H, Te ux produced is 
fa) 1Wo 4) 1000 Wi 

fe) tmwh (a) 62 5yWh 


‘A comparison can be made between mag- 
‘sete and eecical guns. From the fol 
lowing list, match the magnetic quantities 
‘with their equivalent cleteal quits 


(a) cuneat™ (by reluctance 
fe emt, (a) tus 
fe) mime () esisance 


‘Te effect of an st pap in aragaetc crit 
(2) increase the eluctance 

() reduce the ux density 

(©) dividethedux 

(rode the magntomotve force 


‘Two har magnets ane placed parallel o each 
ther and about 2c apart such thi the 
South poe of one magnet i adjacent 1 the 
‘orth pole ofthe ether With this range. 
‘ment, the magnets wll: 

(@) aac each oter 

(0) have no effect on each other 

(6) sep each eter 

(4) low thee agtinn 


"Thsrevsion test covers the material contained in Chapters $107. The mark for eack question are shown in bracket, 


atthe end ofeach question. 


1. Rasisnces of $0, 702, and 822 we coaneted 
Tnsenis. Ifa 10V supply voltage is connected 
cross he arangemet dete tbe cureat Ho 
fg though and the pasos the 72 resisioe 
Calculite also the power dissipated in the 42 
resison 


Forthe serio: paral network shown in Fig. RT21, 
find (a the supply eure, (b) the curt Bow” 
‘ng dough each resistor, (6) the pd across each 
resistor (the ttl power disputed inthe ict 
(6) the cost of energy if the cout is connected 
for SOhours. sume electrical energy cons 1p 
perunit. a3) 


3. Thechaye oaths plates ofa capactris aC when 
the poset between them i 4RV. Determine the 
apcitance ofthe expacito. o 


4. Two parallel ectngulr plates measuring Oem 
by 120mamare separated by 4mun of micaand ery 
alectric charge af 0.48). The volage between 
the plates is SOD. Calculate (a) he elecane Hu 
density (h) the elev fld stengt, and ) the 
apucitance of the capacitor, in plcoaras, i the 
‘eltiveperitvity of mica i. a 


S.A 4uF capacitor is connote i pale wih 3 
‘uF capacitor. This arrangeiet is then connected 
sn sefos with a 1OMF capacitor. A supply pa of. 
250 is connected across the cic Fid a) the 
‘equivalent capacitance ofthe ici, (b) he vatage 
ross the JO, capacitor, and (c) the charge on 
ach capacitor o 


6, A coil of 600 tums is wound unify ona ing 
‘of non-magnetic meri. The vag hs a uit 
‘oe-sectional are of 200mn? anda mean cir 
fumference of SOfoun. Ifthe curent in the coil 
154, dolenine a) the magnetic eld sent, 


sn 


2 


(b) the dx density and) the total magnetic Ha 
inthe ring. ci 


Amildstel ing of cos sctionlaea 4? basa 
‘aaa gap of Sum cut it Ifthe mean length 
ofthe mse! paths 300m calculate the mag 
Detomive free to produce a ux of 048inWh, 
(Use the H-H cuve on page 30) 6) 


Inthe cca showa a Fig. T22,theslider Stat 
the hal-way pit 


(2) Caleulate the pal sero and he cure ow 
Ing inthe 40082 bad esis, 
(0) Is the eet a potentiometer ofa Heostat? 
6 
For the ctu shown in Fig, R23, eae the 
urea faving inthe SOC lal and the vlige 
Sop across he loa when 


(a) X9i835 oF XY 


(0) point 5 coincides with point Y ” 


aj-20 


Asne 


Figure #2 


Pend 


Chapter 8 
Electromagnetism 


Al the end of this chaper you should be ale o: 

‘+ understand hat magnetic es ae pote by elo arent 

“a apply the see rule wo detenine duction of magoetie Held 

“+ recognize that the magnetic field around a solenoid i sila toa magnet 

“+ apply the serew ul or grip ule wa solenoid to determine mapoesic ld ection 

"+ sccopnie and describe practical applications ofan electromagnet ie, electri bel. relay, iting magnet. 
“telephone receiver 


“esprit factors upon which he Fc Fon a euttent-catying canductor depends 
“+ perform calculations using F=BI! and F= BIIsind 
“+ recopnize that loudspeakers practical applicati of force F 
"+ use Fleming's e-hand leo predetermine diction of force in curen-carying conductor 
“e desste the principle of operation a a siple de mote 
“+ desribe the pincipleof operation and construction of a moving coil instrument 
“+ appreciate that once Fon a charge in a mapneti eld ie pven by F= uth 
“+ perform clelations sing F= uth 
8.1 Magnetic field due to an k 
electric current t-\__ au 
Magnetic lds cn be et upc aly by peaanent 1 ee 
smagacts ak shown ia Chapter 7, but aso by ele on gs 


Leta piece of wie be atranged 10 pass verially 

Atwough 3 borzonal sheer of cardboard on Which ix 

placed some ion filings as showin Fig 4.13). acu 

‘ents now passed though the wie then he on tings 

‘illform a definite czcla eld paren withthe wireat 

‘hecentte.whenthe cardboard is seal tapped. By pla ® 

ing compass in different positions tbe lines off are 

scentolae a definite distin ax shown in ig. 1c), Fwre At 
the cuneat diction is evesed, the dittion 

the lines of lux is also reversed. The effect on both the the curet is swith of. The magnetic ld is thus 

iro lays and the compass acdc disappears when produced by the electric caret. The magnetic tux 
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produced hat the same propetion a the Aux produc 
bya pemanent magnet H the currents increased he 
Strength ofthe eld screases and, forthe pernaneat 
magnet, the fldstength decreases as We move aay 
from the curent-csrying conduct 

Tig. the effect of only a smal part ofthe mag- 
tied shown, Ithe whole length ol the conduct 
is silly svestigated ii found thatthe magnetic 
fold round a staight conductor ii the foe of eon 
‘zu eylindersas show in Fg 82, th eld detion 
‘ependiag othe drection ofthe eaten 


Figure 82 


‘When dealing with magni elds formed by eles 
‘we curent ii ueual to pontay the effect a shown 
Fig 43, The convention adopted i 


(a) Mogratc fol ot slr 


(EX, ES 
fifo ay 
WET Mean) 


(0) cured ey 


Figures 


(0) Current owing way fom te viewer, eno the 
pr. s ica by ©. This may be though of 
the feathered end ofthe shalt uf an ato. See 
Fig, 43a, 


(i), Cursent towing taste viewer, out of the 
pe. sindicted by ©. This may be thought of 
the poin ofan anow. See Fig. 8b) 


‘The direction of the magnetic Hines of flux is best 
emembued by the serew rule which stats that: 

‘arnormal righthand read sere sescrewed along 
‘he conductor nthe diction of the caren the die 
Hon of tain ofthe sre i the election of the 
magete fel 

or example, with cunt owing away from the 
viewer (Fig. 8-3) a right-hand thead sre deven 
{nto the paper has to he eat clockwise. Hence the 
Aliction ofthe magnetic Held is clocks. 

‘A magnetic Host up by long ci, or slenol 
shown in Fi. Nala} andi cen to be sia to ha of 
‘bur maga Ifthe solenoid is woundon a ion ba. 
shown ia Fig. RAC, an even stronger mapnetic Held i 
‘rovuced, the fn becoming magnetised and behaving 
ikea permanent nignet, The diction of the magnetic 
fet produced bythe curet Vin the elenoid may be 
Found by eithor af t90 methods. the srew ele oF 
the gripe 


(e)Magrti fll anton asl 
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(a) The serew rue states tht ifs noma sightund 
‘eadscew is plaalong the ass the sleet 
tnd ie screwed in the direction ofthe eumen it 
Ioves inthe dection of the netic eld inside 
the slenod, The diction of the ugnetic Held 
Inldethe solenoid fin south to noth Ths a 
Figs 8a) and (b) the mth pole sw the eight 


(0) "The grip rule sates tha the call gripped 
withthe eight hand, wih the fagers pointing sa 
the dition ofthe cute, thes the thn, ou 
stetched parle tthe axis ofthe solenoid pois 
In the diction ofthe mayoetic Bld tse the 
solenoid 


Problemy 1. Figure 8S shows col of wire 
‘wound onan ion core connected vo bates. 
‘Sketch the magnetic held pater associated with 
the eureat-catyng col and determine the play 
oftheseld 


Figaress 


‘The magnetic deli astocited withthe solenoid ia 
‘ig 4 is similar to he ld asociated witha hares 

‘et and iss shown in Fp 86. The pola of the held 
ivdetermined ether the screw uleorby the gripe 
‘Thus the nh pole sat the bt and the South ple 
atthe op. 


Figures 


‘The solenoid is very important in elecwomagnetc the 
ory since the magnetic Fld inside the solenoid 
practically uifonn for a parcular cuen, and 
Sho veal, inasmuch that vaiaton ofthe curse 
fan aller the stength ofthe magnetic eld. An ele 
‘tomagne, hazed the volenod, provides the Iasi 
of many items of elecvcal eyuipmet, examples of 
‘wich iselaeeletric bells, ays, ting magnets and 
telephone ecives, 


(i) Electric bell 


‘Thewe are vatous types of elect Hell, incluing the 
Single-suoke bell, the wembler bell, he bazee anda 
oatiaaously saga bell, but all depend ow the ata 
tdoneserted hy aneectomagnst onasoftiron armature 
Atypical single soke bell cui shown ia Fig. 87. 
‘When the push buon is uprated a cuteat pases 
trough thee. Since the iren-ored col is eergaed 
the soft con armature i tracted othe electromagnet. 
‘The annature also ctties asker which isthe pong. 
‘When the circus brken the col becomes deme 
sso and the sprig te sip ullsthe amstse Back 
‘eorzinal postion. The sker wil oly operte when 
the push butt i operate. 


(i) Relay 


A ely issimilarto an lee ball excep that comets 
‘xe open or closed by operation instead of a pong 
being struck. A typical simple ely isshownia Fig. 83 
‘whichconsist afta woundenssoftirancire, When, 


the cil energised the hinged soft oa armature 


4 
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= 
BI f 
Ton [Ste 
rmbt 


auracted wo the elecomagnet and pushes against 0 
ved contacts 3 ha they ate connected ope, hus 
losing some eer lect teu 


(i) Lifting magnet 


Liting magnets. inconporting lage clecwomagnets 
‘newed inion and sel works or iting serap eal, A 
‘ypial bus lifting magnet, capable of exerting large 
tractive fees, ssbown inthe elevation an plan View 
(fFig. 40 where acol,C.s wound rounda cata coe 
Poftheinoncasting- Over the face ofthe eletomasnet 
is placed aproictivenon-magnticshet of mei R 
‘Theload,Q, which mst eof enageti material i ied 
when the cols ae encrised. the magnetic Mux pat 
Mo being shown by te oe lines. 


miner 


liv) Telephone receiver 


Whereas tnsmitr or microphone changes soul 
aes int conrespning electrical signals elephone 
reosiercamvets he electrical waves back into sound 
waves, typical telephone receiver isshown a Fig. 810 
and consist of  petmanent magnet with cols wound 
fn its poles. Ahi, Bexiblediphngm of magic 
‘teva is bl in poston near wo the magnetic pes 
‘aut not touching them Vsiation in eure Ko the 
‘Napster vanes the magnetic land the da 
‘consequently vibrate, The vibration produces sound 
‘atationseoeespoading o dose transite, 


Dpagn cower 


83 Force on acurrent-carrying 
conductor 


Ira coneat-carying conductor spaced ina magnetic 
fel produced by permanent magnets, then the Hels 
duet the cunea-cuying conductor andthe permet 
‘magaets interact and case afore to be exerted on the 
‘oodctor. The force onthe cuen-cartying conductor 
ina magnste eld depends up: 


the us density ofthe ld, #tslas, 


the srengh of the caren, J amgeres, 


the length of the conductor perpendicular to the 
smagaetic Held, mete. and 


® 


‘When the magnetic ld the cument and he conductor 
are mutually ight anges then 


the ection ofthe field andthe urea 


Force F = nevtons 


‘When the contr and he field ae at an angle 49 
ach other then 


Fores F= Asin # newtns 
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Since when the magnetic ld, cutea and conductor 
‘enutuallyatightangles, FAV themaguetic But 
ensity # may he defied by #—=(F)/(1D) 42th Bue 
‘east is Taf the Force exerted on 1m of a conductor 
when the codctor ates a cutee of Ais 1. 


Loudspeaker 


A simple application of the above fone ithe moving 
oil loudspeaker. The loudspeaker is used to convert, 
‘eet signals at sound waves, 

Figure 8:11 shows Typical loudspeaker having a 
magnetic circuit comprising »pexmanent magnet and 
Soft on pole pieces so tata suong magnetic eld is 
‘allable nthe shor clinical alr gap. Anaving coi 
Calle the voice ox spech coil. is suspended fom the 
fed of paper o¢ plate cone so that tie i 
‘When an electric cures flows through the coil 
duces a force which ends to maye the coe backwards 
fan forwards accotding tothe dretion ofthe caren 
‘The cone acs at «piston, transfering this force to the 
sit and producing the eguzed sound waves 


Figures 


Probes 2. A conductor caries acurent of 20 
and sat ght angles to amagaetic eld having a 
‘ux density of 09 Ite length ofthe conductor 
‘nthe eld is 30cm, caleulte the free ating oa 
the conductor. Determine ala the value ofthe free 
ifthe conductor inclined a an angle of 30° tothe 
eccon ofthe eld. 


B=09T, 1 =20A and = 3c: =030 
Force F Bl! =(0.9)20)(030) newions when the 
conductor is a ght-angles to the Held a shown 
iy, R120) be P= SAN. 


Figures? 


‘When the conductors inline at 30° the eld ak 
shay in Fig. 810) then 


Force F = Aisin? 
= (0) 20)(030)sin 30" 
ie F=a27N 


ike carer-anying conduciorshown Fig. 8310) 
pled in he wugoctic Held shown Fg 8.130). hen 
fhe wo lds interact and cause afc tbe exerted, 
the conduior as showa in Fig 81D) The Bld 
streathened above the conductor and weakened belo, 
thus tending 10 move the conduct dowawans. Ts 
Is the bse prin f operation of the electric motor 
(Gee Seco KA) andthe moving insoument (see 
Section 43). 


Figurenas 


‘The direction of the fore exerted ana canductor can 
be pre-determined by usiag Fleming’ left-hand ale 
(Gflen called the motor rae) which stats: 

“Let the sh fit finger and eco nero the ef 
and be extended sch that they are lat igh-ongles 
tw each other (as shawn in Fig. 814). the fist finger 
point inthe dimetion af Ihe magnet fel the ecard 
oer points in the dection of the current, then the 
‘had wl pola he retin of the maton of the 
‘omdictr, 
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Surasaising 
ist igor Bild 
SeCinad ager — Co 


“Thakdh— Motion 


Probleat 3. Detemnine the cute eoguired ina 
400 mm length of conductor ofan electric mor, 
‘when the conductors suse at ght angles to a 
tagaete eld of ux density 127 fa force of 
{L92N isto be exerted onthe conductor Ifthe 
conductor is vertical the eurent flowing 
downwards and the dsction ofthe magi elds 
‘Hoe ett ight, wha sth diction of he free? 


Fowse=192N, 1=400mm=040m aad B=127. 
Since FAN, then 1=F/ 2 bence 


IF the curentows downwards the detion of is 
‘magnetic Held due tothe eae loge wall he clock 
wise when viewed from above, The lines of fx will, 
reinforce (ce, stengen) the main apneic Bld at 
the back of the conductor and will bein opposition 
inthe fot (i.e. weaken the eld). Hence the free aa 
the conductor wil be from back to foot (Le. twa 
thevlewer} Thisduetion may alsshave bee deduced 
sag Fleming's et-hand ule 


Problem 4. A conductor 380mm long cates a 
‘uront of 10 and is at ightanglesto a magnetic 
‘eld ying between two cieuar poe Taos each of 
‘dius mam. Ifthe oa ux between the ple 
fees is 05mW calculate the magnitude ofthe 
{owes exert onthe conduct, 


s01mm=035m, 1 
(0.06) ad 


Fence P=, and B. 


° 
foe F= 3 


(S10) 
5x10" (10,0.35) won 


Le tree = 0.55 


‘Problem 5. With ference to Fig. 8.15 determine 
(a) the diecsion ofthe fore on the conductor 

Fig 8.150. (bth direction af the fre onthe 
conductor in Fig. 8.15()() the ection ofthe 
ron in Fig. 15), (the polarity ofthe 
‘magnetic system in Fig 81540), 


Res a Hoe oto 
a of 
3 


Ce @ 
Figuretas 
(a), The diction of the main magnetic field i from 


nowth 19 south, ie. left to ght. The curent i 
flowing towards the viewer, and sing the screw 
tule, the diction of the field is anticlockwise, 
Heace citer by Fleming's letcand rte, or by 
‘kstching the ineracting magnetic Hed as shown 
in Fig. 8.164, the diction of the force on the 
‘condor race vo be upd, 

(0) Using simiar method wo prt (a) se tt 
the frce nthe conductor io the ight ~ see 
Fig 8160) 

(e)_ Using Fleming’ e-band rule, ry shtehing a 
In Fig. 416(, ts sen hat the caren is towan 
the viewer, te tof the paper 

(4) Similar w put (2) the olay of the mapoetic 
system isa shown in Fig 8164. 


‘Problem 6. A coil « wound on a ectangl 
former of width 24m ad length 30am. The 
formers pivoted about an aks passing tough the 
smidllof the two shore ses and is pce ina 
‘uniform magnetic ld of fax density OT the 
xis being perpendicular to the Held If the coil 
Carros a current of SOmA determine the free on 
‘ch coll sie (a fora singl-tm col, (b fora coi 
‘wound with S00tuns, 
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gure 


® 


o 


Flux deusity 8 =0.87, length of conductor lying 
st sighangles to eld = 30. = 30> 10" 
‘nd cuest J —SOmA= 50% 10-7A. Fac a 
Sngl-turn col, force on each col side 


P= Rtl=08 450% 10-7 «30% 107 
=1.2 «WN or 0.00128 


‘When there are 300 tums on the eo thee ae 
effectively 30) pale conductes each eaying a 
furtentof SOA. Thus he otal ore produced by 
the curent x 300 ines that for wingle-um co 
ence free on coli, 

= 3 BI = 300 0.0 


0.36 


[Now try the following exercise 


Exercise 39 Further problems on the force 


e 


‘ona current-carying 
‘conductor 


‘Aconductorcuties x cuent of 70A a rght- 
ples wa magetiefeldhaving luc density 
Sf 1ST, Ifthe length ofthe conductor i the 
field 200cum eae the fore acting on 
the conductor, What isthe force when the 
conductor and eld ae at an angle of 45°? 
ION, 148N] 


Calculate the curent reir in 8 240eam 
length af conductor of ade motoe when the 


‘conductor is situated at right-angles to the 

‘magnetic eld of Mux density 1297. fa force 

‘of 1200 it be exerted on the conductor, 
(40a) 


3. A conductor em long is stated at ight 
angles to a magnetic eld. Calculate the ux 
‘ensty of the magaetic Held ss eureat of 
1SA.inthe conductor produces ono on tot 
36N. 10307) 


4. A conduct 300: Tong etre: a current of 
|SAand iat ight-angles toa magnetic eld 
Ietweon wo ciular poe fae, eth of dam 
er MO the ttl flux betwee te pole 
faces is 07S Wh calculate the force exerted 
‘onthe conduct. 10K2N] 


5. (a) A 400mm length of conductor carying 
4 cent of 25 Is stated at sghtangles 
{oa magnetic Hold berwoen two poles ofan 
lectiematoe The pols have acireulrcoss- 
Section. Ihe foet exerted onthe conductor 
is 3ON and the total fax between the pole 
faces is L2TmWh, determin the dmetr of 
‘poe face, 


(b) Af he conductor in pat (a i vertical, the 
‘urea flowing downwards and the diction 
‘ofthe magnetic elds fra eft to ih, what 
iethe direction ofthe HON force? 

Tia) 142mm (towards the viewer] 


6. A-coll is wound uniformly on former hav 
ing width of Iman anda length of 251m 
‘The former is pivoted about an ais passing 
yough te middle of the two shorter sides and 
is place in uniform magnetic Held of fx 
ens 0.737, theaxs being perpendicular to 
‘Me eld he coi caricnacuteatof 12000, 
‘etre the fons exerted on each cose, 
(a) fora sngle-tura col(b) fora all wound 
with 40 turn. 

112)2.25 » 10-58 (o)09N) 


Principle of operation of a 
imple d.c. mo 


‘A scctanguat coil which is feet ott aout xed, 
axis ieshown placed inside amagneti eld roducedy 
permanent magnets ia Fig. 8.17. A duet cea is fod 
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7a 
Ci 


LEY 


into the coi via athon ruses bearing om a commu 
tor, which coasts ofa tl rag aplit int twa halves 
separated by iaslation. Whes cure flows i the eal 
‘mapoetic elds set yp around the cil which nets 
With he magnetic tel produced bythe magnets Tis 
causes a force F tobe exerted wa the cumen-carrying 
ductor which, by Fleming’ et-hand rules doa 
Sears between points A and B and upward Between 
‘Cand D forthe cure direction shown. Tis enuses 


‘3 toeg an the end eats aaiclockwse. Whew the 
as tured hough 90" tm the position howe i 
Fig. .17 the brushes connected tothe postive snd eg 


ism reversed and he col tates pst hs position the 
owes acting cit change dgection sai ett the 
‘opposite direction thus never making moe than half a 
‘evotion, The cuentdieetio is teveed every tine 
‘he cll swings though the yea poston and thus 


Non mapa plate 


ineoinares bono 


in lea porter 


‘eager ana postion 


the coil rotates anticlockwise for as long as the curtent 
‘ows, This ste principle af operation of ade mor 
whichis thus device tht taken lca enegy atl 
‘oavet iota mechanical eney 


85. Principle of operation of a 
moving-coil instrument 


‘A mowing cil asrumeat operates on the moto pei 
ciple. Wha a eoaductreaeyiag eteat is placed a 
‘magnetic eld, a once F iy exe othe conducts, 
sen by FAIL Ifthe Mux density B ismade constast 
(by using pemanear magnets) andthe condter sa 
xed Jeng. seolthen tbe fore will depend oaly 
fu the current owing is the conductor 

‘ia moving-cilastrumeat a cols placed cently 
‘nthe gap between shaped ole pisces a shown by the 
‘oat elevation i Fg, SA8(}. The ae pap is hep 
‘smalls possible altboughfr eat its sown ea 
sorted In Fig. 8.18), The coil 6 suppored by sce 
pits, resting i jowel earings on a eylndricl on 
ore, Cent i led into and ut ofthe col by 40 
‘Phosphor bronze spiral haispeings which ae wound in 
‘Spponite directions to minimise the effect ofterpera 
‘re change and wo it the co ewig (ke to canted 
the movement) and tun the movement to 20 post 
tion wien ao curentflows, Curent Rowing inthe coil 
rodces ores as shown a Fig. 8.180). dsetions 
Tring obainod by Flemins's lefchand rule. The wo 
Fowces, and Fy, produce a torque which will move 
the col i clockwise ection, t-mave the poster 
from lef to rght. Since force ix proportional current 
the ele iin, 

‘When the aluminium fame, on which the coi x 
‘wound, isolated between the poles of the magnet. 
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small cures (aed ely cures) ate induced ito 
‘he frame, and his provides automatically the nec 
sary damping ofthe system due tothe eeluctnce 
‘ofthe former 19 move within the magnetic eld, The 
‘moving-coll instrument wil measure ony diet cut 
‘eat oF voltage and the tenninal are matked postive 
fad negative to ensue thatthe cutent pases through 
fhe ine comect direction deflect the pole "up 
the wale’ 

‘The ange ofthis sensitive instruments extended by 
sing shunts and mpi (se Chapter 10, 


When a charge of 0 coulombs i moving at velocity 
fof vas i a mugaetic Held of Bux density te 
Tas, the charge moving perpendicular wo the Hel, then 
the mapnude ofthe force F exerted a the charge is 
sven by 


= 200 newtons 


Probl 7. An electon ina television tube has 
‘charge of 6» 10-1 coulnbs and waves at 
‘35 10"1m/s perpendicular to ahi of fax density 
18.5pT, Deteonine the frce exe the 
lect inthe ld. 


(= charge is coulomb 

S10 n/a 
lux density =16 5% 10-*T, 
Hence free onesie, 


FHLOx 10-3 10x IBS x LO 


= box 3x 8S 10" 
Hn = 10 


[Now try the following execses 


Exercise 40 Further problems on the force 
‘on charge 


1. Calculate the fore exerted an a change of 
24 10-C uaeling a2 106m perpen 
cular eld of deny 210-7 

fx 10-9} 


2. Determine the speed of 1O-"*C charge tay- 
cling perpendicular to Held of fx density 
0-7 ithe foe on the chug 10 

(10e/t 


Exercise 41 Shortanswer questions on 
clectromagnetism 


1 The diction of the magnetic ld around a 
cunent-canying conductor may be resem 
‘ered usingthe rule 


2 Shoch the magnetic eld paten associated 
witha selena conneced wo a batery and 
‘wound onan ion bat Show te diection of 
the eld 


3. Name twee applications of elecrumas- 


4. State what happens when a cunent-carrying 
fonducor is placed ina magnetic eld 
between two magnet 


5. Thefonceonacuren-carying conductorina 
‘magnetic ld depends on four factors. Name 
ten 


6, The diction ofthe force ana conductor in 
gn eld maybe predetermine using 
Flemiog’s le 


7. Se thee applications of the foe on a 
‘cunen-cayiag coaucor 


Figure 4.19 shows a simplifed diagram of 
section though the cal of « muving-<oi 
instrument. Fo the dietion of cent How 
‘shown inthe coi deterine the diection that 
the pater will ave 


igure 


9. Explain, withthe ad of sketch, the ction 
of asimpliied de motce 
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to. 


‘Sketch and label the movement of moving- 
coil instrument Briefly explain the principle 
‘operation of ch an nstrment 


Exercise 42 Mult-choice questions on 


1 


‘electromagnetism 
(answerson page 420) 

A conductor caries a cunrent of 10 at 
‘ightangles oa magoeti eld having fx 
least of SODenT, I the length of the con 
lui inthe elds 20cm, the force a the 
onder is: 

G@) 1008N () 1a 

© 1008 (iN 


a conductors brio the eure ow 
{ng from eft wight and the decion af the 
surounding magnetic ed is fom abuve 9 
teow the force exerted othe conductor 
@) Hom let aright 

(©) om Blow to above 

(6) away fom the viewer 

(© towards the viewer 


For the currn-carrying conductor ying in 
the magnetic field shown i Fig. 8.204, the 
‘ieton ofthe one the conductn i 
Gi wthelest —(b) upwards 

() wotheright ——(d)- downwards 


Jory ie 


> 


® ® 
Figure 20 


For the current-carrying conductor ying in 
the magnetic field shown in Fig. 82018), the 
‘ston ofthe curent inthe conductor i 
{@) towards the viewer 

(©) aay from the Viewer 


Figure 821 shows aectangulreil of wie 
pice ia mnagaetic Held and ree to rotate 
Shout axis AB, I the current lows into the 
il aC thee wil: 


(2) commence 1 soa anti-clockwise 

1h) commence to rte clockwise 

(Gc) semain inthe vertical postion 

(a) experince a fore tovands the noah 
pole 


Fie 821 


6, Theforeonan election tavellingat 107 m/s 
in a auagnetic Geld of density 10¥T is 
Hox 10-'N. The elton has a charge of 
f) L6xt08C (yy Lx10-C 
©] L6x10-"E (16x 10-6 


7. An elec ball depen fo its ation on: 
(a) apormanea magnet 
(b) several oreurent 
1o) aanmes and a gong 
a) aneletromnagnet 


8. Areay canbe used to 
(a) decrease the cute in a cet 
{b) contol cect more readily 
fe) inrease the eurrentinacteuit 
{contol cicut rom adistance 


9, There isa fore of aati between two 
‘current-carrying conductors wen thecutent 
inthe 
(a) inoppoiteditetions 
1h) inthe same diection 
10) of diferent magnitude 
1) ofthe ste magnitude 


10, The magotic eld due to acueen-carying 
‘conductor takes the form of 
(a) rectangles 
(0) concenec eels 
to) wavy ines 
{)sraght ines radiating outwards 


Electromagnetic induction 


| Atthe end of tis chapter you shuld beable to: 
“+ understand how an cans. may be induced in a conductor 
‘5 tate Faraday’ laws of electromagnetic intution 
‘estate Lenz's lw 

‘+ we Fleming's ghr-hand rue for elatve dations 

|e appreciate that the induced em, E=Mlv o« E=Blesind 


calculate indacod ean. piven 8,1, v and and determine eave dictions 
‘understand and perform calculations on rotation ofa lop ina magnetic Hck 
efiae inductance Land tte ts wit 


etine mutual inductance 

appreciate that ems. 
pense. pat 
aa 


‘+ calculate induced em ven NL, change of ux or change of eueat 
"+ appreciate factors which fet the inductance of an inductor 

| dia the cei diagram symbols for inductors 

‘+ caleutate te energy sored in an inductor using 


moe 

Wensenncaneetamsamemtin tte ee tt ae 
Severacherataecattnceee sir sivomns nhs man se 
Sa a em As an rc 


on 
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=. poeeee 
ae 
= paseet 
© 
” 
gore 


on the gulvunometer shoving tha cures hac 
teen produced in the cll. 


(h) When the magnet is moved at the same speed as 
fn (a) hut away fom the coil the sate dele 
‘on is noted hut isi the opposite auction (sce 
Fig, 9.106) 


(e) When the magoet is eld stationary, even within 
he eo no defection recorded. 


fn) and the magnet hold stationary the sare 
salvanometer defection i noted 


(e) When the elatve speed i, say, doubled, the 
salvanonetor defection is doubled. 


(0) When a suonger magnet is used, a greater gal 
‘vanomter defection i ted 


(g) When the aumber of wens of wite of the coil, 
{is inceasd,gtetrgalvonete defection is 
ote, 


Figure V.(e) shows the magnetic He associated 
withthe magnet. AS the magnet moved towards the 
cl the magnetic flux of the met moves actos, 
‘or cut, the coi. I Ts the ative movement of the 
‘muigoetie ux and thecal tht causes an em and 
‘thus current, to be induced In the ell Ths effect, 
is known as elecvomagoetc induction. The Laws of 
‘lectomagoetic induction stated in Setion 9.2 evolved 
fiom experiments such as hose deserted shove 


9.2. Laws of electromagnetic 
induction 


Paraday’s laws of electromagnetic induction state: 


) Aninduced emg. lssetap whenever the magele 
‘el aking ta ive changes, 


(i) The magnitude ofthe Induced eam. in any cr 
‘ais proportional the at of elange of the 
‘moet fu aking the lea. 


en's aw states: 


The declan ofan tndced em i avy suc that 
tens to et up a erent ppg the marion ve the 
hae of ls responsible for induce hat en 

‘Av alternative method wo Lens Law of deeruning 
selaivediceions is given by Fleming's Right-hand 
ule (on elle the geneRaoe ule) wich sates: 

Let the thn, fis ner aa second finger of the 
‘iat hand be extended sich tha they are al at ight 
angles each ther as shown Un Po. 921 the fst 
Finger pois inte diva email athe 
‘hu pois inthe direction af moni of he conductor 
‘ela te manetc fel then the second geri 
Doin the decom of the induced ei 
Surman 


iest ager Fila 
Thu — 
‘Seund dager ~ Eat, 


ton 


oat | 


gure 92 
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I generator, conductors forming an eectic circuit 
semadetomovehvoughatagbetic hel By Faas 
law at eat is induced inthe conductors and thus 2 
soureeaesn serene A generator avers mechan 
icalenersy im clectcalenets)-(Theactionofsanple 
‘26 generate is devil in Chapter 

"The induced ean, & setup between the ends of the 
‘coms sown in Fig, 93 ven by 


E=pleyols 


Figures 


‘whore the flux density. is measured in tesa, the 
Teng of conductor ia the magnetic Held, measied 
in mes, an sth conductor elit measured in 
smetes pr seca 

uke conductor moves at an angle 9° othe magnetic 
Feld (nscad of 3 90" a assued above) then 


Bly sin 0 vols 


robles 1. A conductor 300m Jong moves at a 
uniform sped of nat ight angles ta uniforan 
‘magnetic fed f ux density 1257, Determine the 
‘utent owing inthe enpductor when (a its ends 
‘5 opencteuited (bis ens are eoanected 8 
Toad of 200 eesistance, 


When aconductor moves ina magnet eld willhave 
an ean induced int but this ef can only pode 
‘Seuten ifthe isa closed ie Induced 


125 (ja) 


@)_ Ifthe ends of the conductor are open cicuted 
‘ao current wil flow ever though 5 hasbeen 
induced 


(©) From Ohm's tax, 


Problem 2. At what Velocity musa conductor 
75mm long cut a magic eld of ux density 
6T ifan emt of TV is tobe induced in i? 
Azcune the condctr.the fl andthe dection 
‘ofrmation ae mutually perpendicular, 


Iaduced ems, E- 
Thue 


ie, ence yelosty 


e/a 


° 
Tas 


960 
Tox 
2001/6 


Pmblem 3. A conductor moves witha velocity of 
1Suvs stan angle ofa) 90 (b) 60" and) 30" 19a 
rmgnetc ld produced between two squae-faced 
poles of sd lens 2em. the Hux leaving a pole 
{ee 5yWb, find the magnitude ofthe induced 
em. imeach case 


length of conductor in magnetic fel 
(002m, A= 2 Jem? x 10m ad 


(Ew 


3.15030" =147S Vv 


Problem 4, "The wing span of metal sroplane 
{sm I the aeroplane i ying a 400k, 
otrmine the em induced between its wingtips. 
‘Avcume the vertical component ofthe cat's 
‘magnetic fel is 40,T. 
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Induced emf, across wingtip. E 


7 


Baa = a0 10-* Tl 360 ak 
0 soon 4 18 
oto 000 Be 
_(3009(1000) 
= 0 
00 
es 
Hence 


o46v 


Problem 5. The digrams showa in Fig. 9.4 


‘Thu — Motion. ie. upwands 
‘Broad dager Em 


Le towards the viewer ar out ofthe paper, 
Showa in Fig. 9 1b) 


‘tepresents the generation of ems, Determine 7 ic 
(inetnsttiic neciacerte oie H 
trot ga) Ge deo bs 
Rede 94a te 
‘magnetic system in Fig, 9Afe). aa 

© |L2)e\E) == aaa 

ig) ® ' 

Ld le 
° 7 


Figarev 


‘The direction of the eam, and thus the eurent due 
tothe em may be abaid by either Lena's aw oF 
Fleas Rlghr-hua ele (Le Gener rl 


@)- Using Lena's law The field duet the magnet 
tna the Bek! di to the curen-carying on 
Shucte ae shown in Fig. 9.8) an are sen 19 
sito othe lef ofthe conductor. Hence the 
force on the conductor ito the right. However 
Ln'aw sttethatthedirstionof the induced 
{emi isalwayssuch at oppose th effect pro- 
‘tc i. Ths the conductor will have tobe 
‘yet helt. 


(Gi) Using Fleming right-hand ule: 
lst hinges — Bll, 
Le, NS, orcight eft 


(Gi) The polarity of the mugoeic sytem of 
Fig. 0(lisshownin Fig. 94c}and wobtsined 
sag Fleming's ght hand ele, 


[Now try the following exercise 


Exercise 43. Further problems on induced 
1. A conductor of length 15em is moved at 
7S0maysatrght-anglestoauifor ux de 
sy of 127, Determine the ean. induce in 
the conductor. [o.3svi 


2. Find the speed that a conductor of lagi 
12mm mast be moved a ighe-angles toa 
magnetic eld of flux density O67 to induce 
iniean cand. of L8V. [Sas] 
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3. A-2Scmn long conductor moves aa uniform 
‘pec of Sms trough a uniform magne 
eld of fx density 12. Determine the cu 
rent flowing inthe conductor when a is ends 
‘ue opened (b) ts nds reconnected 
toa load of 15h esistance 

Tia)0(0)0.16) 


4. A stright conductor S00mm lng is moved 
‘vith constant velocity at sight angles bth 10 
ite length and to unifonn magnetic Held 
Given thatthe induce in the conductor 
is 25V and the velocity is Sav, calculate 
the fc density of the magnetic Held. 1 the 
conductor forms pat of «closed cteit of 
tot esstance Sahm, calculate the force on 
the conductor. [rr.02sy} 


5. Acar is uaelling at Skah. Assuming the 
brace axe of the cr ix 1-76m in length and 
the vertical component ofthe earth's magnetic 
field i 40), nd the ean. generated in the 
tne due to mation. TL36mV) 


6 Aconicor moves witha velocity of 20m/s 
at an angle of (a) 90° (8) AB® fe) SF, to a 
tagnete eld produced between two square 
faced poles side length? Sem, the fio 
the poe fice is 60D, al the magnitude 
ofthe induced em in each cae, 

Tia) AV (6) 339 (6) 24] 


7. A conductor 400mm loag is moved at 70° 
tw aD8ST magnetic Held. it has a velocity 
fo 113k, caeulte (a) the induced volt 
tage, and (b) force ating en the conductor i 
‘connected oan 8 resist, 

Tia) 10.28 V (0408), 


3 Rotation of a loop’ 


Figure 9.6 shows a view of a looped conductor whose 
sides ne moving scoss a mapa eld 

‘The left-hand side i moving in an upward ection 
(check using Fleming's right-hand mle}, with length 
cutiagtbelinesof Mux which are walling fom eto 
tight By dfiaion the iuced es will be equal 
‘Bsn an owing ito the page 

‘The igh-hand side is sing i a downward de 
‘on again chec using Feng stight-hanul) with 


Figures 


length cating the sme lines of fax as ave. The 
induced mn, will lobe equal to Bsn but owing 
utof the page 

‘Therefore the total ea, fr helo conductor 
2Blesint 

‘Now consider coi made up ofa number of twas 8 
The total ems E for the loop conductor is now 
iven by 


= Wate sin 


Problem 6 A rectangular coi of sides 12cm and 
‘em isrotaed ia magnetic Hed f ux density 
AT, the longer side of thecal actually eating this 
flux The coil is made up of 0 tums and rates at 
1200 renin. (a) Calculate the man 
senorated ez (b) i the coil generates 90 V, 
‘what pod wil the coi tate? 


(a) Genersted ean, B=2NBLy sin 


Wwhete number of tums, 1'=80, fx densi, 
<1, 


Jength of conductor in magnetic ld, 1 


2m, 


) 


for masianum es induced, 6=90" fren 

which, in =I 

Heace, maximum ea indueed, 
E=2NBLvsint 

M184 012% 169 


slot. 


135. volts 
() Since E=2NBIe sin 
then eM LA O20 
Soom, - 338ml 


Inala 
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3a 
Tr 

83,7 eadls 
a7 x60 


‘ai ence, angular valciy, = 2 


‘Speed of collin rey/enin 


Analtemative mito of determining () cy 
‘iret propatin, 

Since E=2NRvsind then with NB, J and 
being constant, ecw 

He from (a, 1381 is rue by speed of 
1o0ev/in, 

then LV would be prodiced by» speed of 
200 

2200 se entin 

Ts 

Hence, 90¥ would be produced by a speed of 


0K S8-—799 ryan 


[Now try thefllowing exerise 


Exercse44 Further problems on induced 
emfinacail 
1. A rectangular coll of sides Sem by Gem is 
‘ousting ivamapnetic eld such thathelongct 
‘des cat the magnetic field, Calculate the 
‘maximum generated cant if there ae 60 
turns onthe coi the Mus density is 1.67 and 
the coll rotates at 1500revfin.[7234V 


‘A generating coil ona former 10000 log 
tas 120 turns and ratte in LAT magnetic 
fel. Calculsethe maximum es generated 
‘ifthe col, havin diameter of artes 
1450. [a750V1 


3. thecorn problems 1 and 2 generates OV, 
eeu (a the new spec foreach coi and 
(the ux densityreguired the spec is 
uschanged, 


Ha) 1243 renin, Soksevnia 
(0) 133, 1777] 


9.4 Inductance 


Induetaneeisthe name given othe property ofacieuit, 
whereby thre iran ean. induced ithe ciety the 
ange of flux linkages produced bya curent change 


‘When the est ie induced in the ame circuit at 
that in wich the cument is changing, the propery 
{is called self Inductanee, L- When the canis 
induced ina cut hy a change of fx due to cutent 
nging ian adjacet cic, the propery i alld 
‘mutual Inductance, M. The wnt of inductance the 
henry, HL 

1 eich inductance of ame ery when 
em of one vols induced int by a curve changlag, 
lathe rate of one apere per second 
Induced em incall of tums, 
ae 
7 
hore isthe change Hsin Webes ad tbe 
{ime taken for he fue w change in Seconds (Le 32 is 
te ate of change of Hu 

TIndveed ean, in aco of inductance L hens, 


& 


a 
vans 

‘where d isthechange ia currentinamperesandd isthe 
time taken fo the curteat to change in seconds (i. 
inthe vate of change of cute). The minus sign in each 
ofthe above tw equations remind us of is dvetion 
‘eiven by Lenz's a 


& 


Probie 7. Detenie the eu induced i a eo 
of 200tuens when thee isa change of fa of 
25miWb inking with tin SOms, 


Induced ean, 


Probes A Mux of 400, Wh passing through a 
150-um coli revered in Om, Fd the average 
emg induced. 


Since the fax reveres, the fue changes from 
“+4004. to —4004Wb, toa change of Bus of 


inyt 

£6 gg (WOAI0* 

Intent £= vt sn (222) 
a 


Henee the average ean Induced, E=3 ols 
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Problem 9, Calculate the eam induced in a coil 
of inductance [2H by a cent changing tthe rate 
ofA. 


Inducodeme £=—LoL 


gui 


vot 


Problean 10, Anem. of LSKV i induced in 
‘cil when autem of 4 collapse unifonnly 
{o 2 i Ks Deterine the inductaes 
the xi. 

(Change in erent 4A, 
draSne= Hs 


ee) 
Cos ae 


stony 
sce ejnett 


(ote that [| means the ‘magnitude of E* which 
ieegards the minus sign) 


Problem 11, Anaverage eam: of 40V is induced 
ina col of inductance 150ml when acutet of 
GA ereversed. Calculate the tne taken forthe 


AV, L=1S0ail1=0.15 Hand change iacuent, 
—(6)=12A (since the uments reves, 


u 
Sine |2\= 


at _ (015012) 


time TT a0 


0.04550 5m 


1, Find the ean, induced in a coi of 200tume 
when ther is a change of fx of 30mWh 
Taking witht in 40m soy} 


S 


‘An ems. of 25V is induced in a coil of 
Stuns when the Hu inking with changes 
hy 12mWh, Fd the ine, in nlisccoas, sn 
which he ux makes the change, [144ms} 


3. An ignition coil having 10000 tums as an 
‘eau of XLV inducedin it, Wharaeofchange 
‘flu is equited fr this happe? 

oawws) 


4. Ausof0.35 Wh passing tougha125-um 
‘col is evesed in 251, Find the magaiude 
‘ofthe average emi induced 

Bsvi 


‘5. Caleule the eau induced ina oi of induc 


‘nce 6H by a eutent changing a rate of 
Sal [-90v1 


Indu 


Acomponent called aa inducoris sed when the prop 
et fndutancesrequited incite, The asin 
‘an inductr i nly coil of wie, Factors which 
Met the inductance fan inductor include 


(@) the aumnber oF tus of wie —the oe ns the 
higher the inductance 


(Gi) the eros seta ea ofthe cei o wie — the 
freer the crowesectional aes the higher the 
inductance 


(ii) she presence f a magnetic cme — when the eit 
{is wound on an ion ore the sume current sls 
up a move concenated mugoaic eld and the 
inductance is ineeaeed 


(Gv) the way the runs are range — shot thick 
coil oF wire has w higher indactance sha a lng 
‘in one, 


‘Two examples of practical inductors ae shown in 
Fig, 97, andthe sundad elvtical eit digram, 
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symbols for aiccored and ion-cored inductors ae 
shown in Fig. 


« 
Tears aoe 


An ioo-coed inductor is fen called a choke sine, 
When used in 3c cieuits, it has a choking effec 
Timing the cures lowing Bough 

Tucan fen undesile ina ciel Ta reduce 
inductance wo 4 minima the wite cay be bene back 
‘on itself, as shonin Fig, 99, 0 thatthe magets- 
ingetfect of one conductor i eutalied by that ofthe 
aljeent conductor The wite may be oe around an 
inaulstr as shown, without increasing the inductance 
‘Standard sists ay he on-indutvely wounds 


9.6 Energy stored 


‘An inductor possesses an abit o tre energy, The 
fenengy stored, W. in the magoetic Hel ofan inductor 


is given by: 


Problems 12. An BHinductorhas scant of 3A 
Aawing though it. How much energy is stored in 
‘he magnetic ld ofthe inductor? 


Energy steed, 


[Now try the following exercise 


Brercise 46 Further problems on energy 
‘stored 

1, Am inductor of 2011 has a cument of 25 

owing init. Find the enersy sored inthe 

magnetic ld ofthe inductor, (62.51) 


2. Calculate the yale of he energy stored when 
a crtet of 30mA is flowing in coll of 
inductance 400 [ots 


3. The enegy stored inthe magnetic eld of an 
inductor 0 when the cient flowing in 
the inductor is 2. Caleulate the inductance 
of thei. 0H] 


9.7 Inductance of a coi 


1s caneat changing fom 0 1 1 amperes, produces 
flue change from (10 © weber, thea d=! and 
40=9. Then, fom Section 93 


induced can 


Ne 


ste 


‘ho which, Inductance of ell, 


Ne 


ety 


ectamagnticindcton 


109 


om Chapter 7m = 


95 fom which, 


Substituting L 


Probes 13, Caleulate the cil inductance when 
‘scutent of 4A ina colo sO)uens producer 
‘uy of SW inking with the coil. 


For cil aductance 
pe Xt (8005 10 
F 7 


a 


Problea 14, A fu of25a1Wh links with a 
1500tum coil when a cunt of 3A pases through 
te oil. Caleuste(} the aductance of he coi, 
(@) he energy stored inthe magnetic eld, and 

(6) the average em. induced the eure falls 0 
ron 130008, 


(2) Inductance, 


No _ 1500) x 10-3) 


TT, 


since ithe cure falls to zero does the ux) 


Problem 1S. When acurent of 58 tows ia 
cai the ux linking with the coi is 90, Wb, Khe 
oil inductance is 0.608, calculate the numberof 
tums af the coi 


Foracoil,L 


(nosy 


TaN Se 


10000¢urns 


® 
Fa 
u 
v 


Problem 16. A 750m colo inductance 3H 
fatros a current of 2. Calculate the Mux inking 
the coi and the 4 indacd athe oi when the 
fuencllapses to er ia 205, 


coitintcce =" tan ic, 


ux 8 


Induced ean 


re 


(Abternatvaly, 


e 


Problem 17. A silicon eon sing ie wound with 
800 wns the ing having mean diameter of 
12a and a cose sectional ea of 400? If 
when eying a cuteat of 0S the elaive 
erably is found o be 300, calculate () the 
Selfinductance of thecal () the induced eam if 
the cunent is reluced 200 in Sms. 


“The ings shown sketched in Fi, 9.10 


esa 0rn? 


Figure9.a0 
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(a) Inductance, = 8° ond fom Chair, 
reluctance, $= 
x 120% 1077 


Fee oT 
250310 AW 


2x00 
eer 


Hence, selFinductanee, 


(0) Induced, 


[Now ty the following exercise 


[Exercie47 Further problems on the 
Inductance ofacoil, 

1A flux of 30m Wh Hinks with 2 1200 tn 
oil when a current ofA is passing though 

the coll, Calulate (a) the aductance of the 

coil (b) the energy sored in the magnetic 
eld, and (e) the average em induced if 

the cunent creduced wo 2090.20, 

Tia) 7.284 (b) 904 @)ixOVy 

Anesns, of 2kV is induced i coil when a 
futon of 5A collapses unifornly 020 ia 
Wms. Determine the inductance ofthe col 
fo 

2. Anaverage em of 60 Vi induced in coll 
ofinductance 160m whenacuteatot7 5A. 

is reyerad, Calelate the time ken fo the 
urea to overs 1008) 

4. Aco of 2500 runs as a fx of 102: 
linking withitwhen carrying acutentof 2A, 
CCuleulste the col iductance and the ean. 
induced inthe coil when the current collaps 

to a0 20m, [23H 125kV} 

3. Calcul the cil inductance when a cureat 
{SA inacol of 1000 tins process ux 
OFSmWb linking withthe. [1.61] 
(6. Aco is wound wih 00 urnsand has sett 
Inductance of 25H. What current must ow 
tosetupaduxof20aWk? (SKA) 


7. When current of2A Nowsin acl the fax 
linking with the col is BOW, Lhe col 
Inductance is 05H, calculate the number of 
tums ofthe ai 112500) 

8. A coll of 12001uns has a fax of SVB 
linking withinwhen crying acureatof 8 
‘Calulte the coi inductance andthe ex 
Induced inthe coi whe he erent claps 
to ero 25m, [SH 720V} 

9, A coil has 300tumne and an inductance of 
443m. How many turns would be needed 0 
produce 072m coll assuming the same 
ome esd? [4suums) 

10, A steady cunt of SA when dowing ina 
‘ol of 1000tues produces magnetic ux 
‘oF 0) Wh, Calculate the nducanee of the 
oll The curent of SA is then revered in 
12a, Calculate the ex. induced in the 
coll, [04H ¥ov), 

11, An ion sing has a ersssetional area of 
Sn an ates length of 300mm 
is wound with 100 tums and ts eative per 
‘meaty Is 1600. Calculate (a) the current 
required setup Mux of SOO in the 
l(b) the inductance of the 5)stem, and 
(oe induced ean ifthe eld collapses 
ina, 

Tle) L492. (b) 3351 fe) —S0V] 


9.8 Mutual inductance 


Munully induced cans in the second coi 


a= 


st sats 
pSctag 
‘where Mie the mutual inductance bseysen two ci 
I hnys atl isthe ate of change of caste 
inthe fst coi, 
‘The pheasmenon of stu inductance is used ia 
‘ransfurmers (ce Chaper 21 page 333), 


Another expression for M 
‘Letan ion tng have two colls A and B, wound on it 
Ihe fuses and are produce frm curzents J, 
ans inclls A and B respotvely then the eluctanee 
‘ould be expressed as 
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IF the ux in colle A and B ate the sme and peo- 
duet the curren fin ail A only, assuming 
1oo% coupling then the mutual inductanee ean be 
cexpesied 


However, 


‘Thus, mutual inductanee, M =: 


Problemy 18, Calle the mutual inductance 
‘between to coils when a cusent changing at 

200 Aisin one coil induce an emf of 18 inthe 
ther, 


Inducodesm 
‘mutual inductance, 


Ah be 1 SAF 200), Tha 


Ls 
™ 


0075 0 7Sult 


Probluat 19. "The mutual inductance between two 
coils is INmll. Calculate the steady at of change 
‘of cuten in oe colt induce an ean, of 072 
Inthe oer 

an 
“oP 
Hence rat of change of caret, 


Induced ex 


on 


a 
oor 


ah 40Als 


Probes 20, Two esis have a sutual inductance 
‘of 02H, Ihe eurten in one coil i changed from, 
TOA win 10m calculate (a) the average 
Induced ean. nthe seco co (the change 
‘ux inked wid the second oi if itis Wound with 
soon, 


(a) Inducedems 
Ves 
-n0v 


0) Induced om 


les) 


“Thus change of uc, 


120)(0010°4) 


ne 24mwb 


Problem 21. Inthe device shown a Fig. 9.11, 
ven the creat ia the ria elo 1000 tras 
Increases iealy fom 1106 in 20052 | 
fem. of 1SV i induced into the tecondty coi of 
480 uns, which set ope ccuted Determine 
(4) the mutual inductance ofthe wo cis (the 
reluctance ofthe former, and () the self-inductance 
ofthe pray oi 


igure. 


Aly 
(0) B= ME fiom which, 


mutual inductance, A s 


a) 


from which, 


wa ties 
7 


NeNs _(400)480) 
M0 

500000 AW or SOKA 

23 _ (2000)? 

3 30000 

1250 
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[Now try the fllowing exercises 


‘Exercise 44 Further problems on mutual 


Inductance 
‘The mutual inductance between two eile is 
130mH. Fad the magnitude of the eas 
Induced in ane coll when the cureat ia the 
‘ners ncteasing at a ate of 30%, 

lasvi 


Determine the mutual inductance between wo 

cals when 8 cuent changing at 50 in 096 

tl induces an ean. of SO mV in theater, 
[smi 


‘TWwocoils havea mutual inductance of 0.78 
Calcul the magnitude of the em. induced 
‘mone coil when cute of 5 in theater 
calls reversed ia Sms, [250V1 


‘The mutual inductance between two col 
240 mH, tbe cstentin one ci change rm 
1SA to A in 12m calcul (a) he average 
emia inthe oer coi, (h) the change 
ffx linked with he oer ei tis wound 
‘with 4000urs 


lla) 180.) SAmWo} 


A tna inductance of 0.06H eit between 
two coils a current of 6A in one coi is 
revered in Os calculate (a) theaerage ean, 
{induced inthe other coi. ¢b) the numberof 
turns the other cif the hx change inking 
‘withthe eter coil is SWh. 

Tia) “09 V 0 148) 


‘When the curent inthe primary cil of 40 
turns of a magnetic circuit increases Linealy 
ftorn JOA to 3SmA in 100m, an eon. of 
75m isinducediatothe secondary coiof240 
‘urns, which set open ctcuited: Detennine 
(@) the muual inductance ofthe two cals, () 
the reluctance ofthe former. and (che sl 
Inductance ofthe secondary cl 

[1a) 0304 (b) S20KAW (010.18 8) 


Exercse49_ shortanswer questions on 


‘electromagnetic induction 
‘What i lectomagnetic induction? 


2 Ste Faraday’s laws of cleetromapnetic 
lndtion 


3, State Lenz's law 


4. Explain beety the principle the generator 

5. The direction of an induced emt. in a 
generator may be determined using Flam 
Ing’s le 

6. The emf. £ induced in x moving conduc: 
tor may be calculated using the formula 
ExBie, Name the quantes represented 
and their unite 

7. Thetouleait & foealoopeondutr with 
tars given by 


A. Whats 


Findctance? State its syabol 

9. State and define the wit of inductance 

10, When a cicuithas an inductance Land the 
curteat changes ata ete of (i) then 


the induced ean. is given by B=. 
salts 


11, Afacumen of 7 amperes flowing in acl af 
‘tans prducesa uot @ weber the coi 
inductance Lis given by L=...-- benys 


12, The energy W nord by an inductors given 
by Wa joules 

13, Afshe number often af cole W and its 
reluctance iS, then the ldutane, 5 
sive by: 


14, What is nna inductance? Stat ite symbol 


15, The mutual ductance between two cols 
ME Theems. E nducedin one coil by the 
‘umentchanging at (4/4) i he oer is 
tiven by =... ol 


16, Two coils wound onan ron rng of uc 
lance have Nj, ad Ng tums especie 
‘The mutual Inductance, Me given by 


ExerciseS0 Multichoice questions on 
lectromagnetic induction 
(Answers on page 420) 


1. Acutont changing ata rate ofS A/sin aco 
‘findctance SH induces an ex. of: 
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(4) 28Vin the same diction asthe applied 
veliage 

(©) Vin the same diection a he applied 
volage 

(6) 25V in the opposite dieetion to the 
‘sppliedvolage 

(@) 1V in the opposite diction to the 
applied voltage 


‘A har magnet is moved ata stey speed 

‘of Lows towards 4 coll of wire which 

is connected to a cenre-zeto galvanome- 

tee The magnet is now widen alo the 

Same path a Svs. The defection of the 

alvanomete i inthe 

(2) same diction as previously, with the 
‘magnitude ofthe defection doubled 

(©) oppostedizetion as previously, withthe 
‘magnitude ofthe defection halved 

(6) same diction as previously, with the 
‘magnitude of the defection halved 

(@) oppostedizetion as previously. with he 
‘magnitude ofthe defection doubled 


When a magnetic ux of 10W links witha 
cut of 2s in2, tended st 
f 1v av 

(© Wov (a) 400v. 


‘A cureat of 10A in coo 1000 uns pro- 
‘dace a ux of 10a Linking withthe coi. 
‘The eo inductance bs 

() 10H (1 

© tH (@) tm 

‘An emt. of 1V is induced in conductor 
‘moving a 1Ocrsinamagnetc Held of 
‘Th effective length ofthe conductor io the 


magnetic felis 
(a) 20cm (0) Sm 
(© 20m (4) 50m 
Which ofthe following fase? 
(4) Fleming tefhand rule Lena’s tow 


snay be use to detemine the dvetion 
of aninduced ema 

(0) An induced es set up whenever 
the auigntic field linking that circuit 
hunges| 


(e) The ditsction of an induced eam, it 
always such a 10 oppose the effet 
producing i 


(8) The induced eam, in ny ict ie po 
potional tothe ate of change of the 
Fagnetc fxs inking the cele 


‘The effec of inductance occurs inan ees 
iret when 

{@) theresstance ic changing 

(hy the tus changing 

(6) the current x changing 


Which ofthe following statements is fuse? 

‘The inductance of en inductor increas 

(2) witha short thik coil 

(0) when wound on a ro core 

(6) asthe number of tras incense 

{a the crosectional aca of the coil 
tecrenser 


‘The mutual inductance berween 1Wo coils, 
when curent changing at 204 in one coi 
Induces an ean, of Lom inthe other, 
fo OSH 1b) 200k 

(©) 03m (a) 2H 

[A suong permanent magnet is plunged ito 
‘coll and Tet the col. What the effet 
duced athe ai ater a shot tan? 

(2) "Theeis.getoet 

(©) The insulation of the coil buns out 

(e)- igh voluge is inducad 

{The col winding becomes hot 


SelPinductanee occurs when: 
(2) the curent is changing 

(0) te cieutis changing 

0) the Mur i changing 

(i) the resistance is changing 

Farndays laws of electromagnetic induction 
ae elated 

(a) the emf. ofa chemiea ell 

() the ent ofa generar 

{)- the eurent wig ina conductor 

(@) the stength ofa magnetic Held 
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10.1. Introduction 


‘Tents ad messuements are important in designing, 
alusting maining and servicing electrical eves 
fn equpenent In onde to tet electrical quantities 
Such 3b curent,vollage resistance oe power, Bee 
aty to transform an electrical quality or condition 
into 4 visible indication, This i done wih the ai of 
instruments fo meters) that indicate the mapuitade of 
‘quantities either by the pasion of pointer moving 
‘ver a praduated sale (called a analogue instumneat) 
fin the form of u dssimal number (aed digital 
iastrumeas 

"The sia instrument has, ia the main, becone 
the instrument of choice in cet yeas; in partial, 
‘computer-based instrument ae rpidly replacing tes 
‘of eonventinal test equipment, wit the virtual storage 
‘est instumen, the dighal storage osellseope, bins 
‘he most common. This is explained ato a this chap- 
te, hat hei tat some analogue instruments, which 
‘eal sed some installations ae explored. 


10, 


Analogue instrum 


All analogue secricl inating intents requice 
thee asta devices: 


(a) A detecting oF operating devie, A mechanical 
forces produced by the euent or Voltage which 
aus the pointer ta defect rom te eso position, 


4) A controling device. The eontellng force acts 
in opposition to the detecting force a ensues 
thatthe defection shown on the meter is always 
the same fora given measured quan. I also 
prventsthepointealways going the maximum 
flection There re twomainrypexotcontlling 
‘kevie~ spring contol and pravty contol 


(© A damping device. The damping fore ensues 
thatthe pointer comes et in ie inal potion 
sjuikly and without undue oscillation, There are 
thve main types of damping wed eddy-current 
lnping arfriction damping and Haid ction 
‘mpi. 

‘Tere ate basically two types of scale ~ linear and 

ontinem, A linear scale te hown in Fig. 101), 

‘whore the divisions or gradustions ae evenly spaced 

“The volte shown has atange O-LODV. Le. full- 

scale deletion (Es) of 100V-A notelineat scale is 

Showa in Fig. 10.10) where the eae eramped atthe 


| 
@ co 


ERR 


epiing and the graduations ae uneven thoughout 
she range, The ance showa tas 3s of IDA. 


10.3 Moving-iron instrument 


(2) An atteaction typeof moviag-Woa instrument i 
Shown digrammtially in Fig. 10.2. When 
‘utent ws inthe solenoid, «pivoted soften 
‘dsc is atescted towards the solenoid and the 
‘movement causes a poinertomove aoss sea. 


(0) In the repulsion type moving-on instrument 
sown diagrammatically in Fig. 102), 160 
plocss of oa are placed inside the solenoid, one 
Tong ded, ad te ther ataced the spindle 
ary the poiatr Whea esear passes hough 
‘he Solenoid, the wo pices of oa are magne 
tied inthe same divection and therefore repel 
‘each othe. The pater thus moves acoss the 
Scale. The fore moving the pointer i. in cach 
‘yp. proportional to 7 and Because of this the 


some Sah 


(@) ATTRACTION TYPE 
sale 


Soot 

oo" 

Fos poston 

vaste tion 
(by REPULSION TYPE 


at 
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slieecsin of eure does not matte. The moving 
von strument can be used oa We, ore the 
scale, however, is aondinea 


10. 


The moving-coi 
instrument 


rectifier 


‘A moving-coll astm, which measuesoaly 
‘nay bused ia conjunction witha vidge eter cit 
sshownia Fig. 10.3tprovidean indication of aernat- 
ingcurens and voltages (ce Chapter 1). The average 
Salue ofthe fll wave rected usteat i 637 In 
However a meter being used to measure ac is st 
aMlycaliated inca values, Pr snusoal quantities 
‘heindcation (0-707 La} (0.837 f) 2 t iesthe 
ean value Rectferinstumentshave sas alba 
inca quantities and tis assumed bythe manufacturer 
‘hat thee, sins 


a 


10.5 Comparison of moving-coil, 


moving-iron and moving-coil 
rectifier instruments 


See Table at top of nest page. (For the principle of 
‘operation oF a moving-ol instrument, see Chapter § 
ge 9%) 


10. 


Shunts and mult 


An ammeter, which measures cute has alow resi 
‘ance ideally zero and must be connected insets with 
the cet 

"A soltmeter, which measures pal, has a high eis 
‘ance ideally inne and ust connected is parle 
vith the part ofthe ict whose pl ie equie, 


‘These is no dfernce between the basic instrument 
wed ty measure cureat and voltage since Both ise 
2 milansocter ab their baie pat. This i a seasinve 
Snstrument which gives sal ar erent of aly a fe 
‘ullanperes. Whes wt aniete segue io measure 
‘curonsof larger magnitude, a peportion of te custeat 
{s diverted though w low-value resistance conaectod 
in pall with the meter, Such adver resistor i 
calla stunt 


ru Fg 1.43), Vng=Vas 
Hence yr, =H, Thus the vale ofthe shunt, 
ha 


fe as 


‘The millimeter i converted into w voneter by 
connecting a high value resistance (aed 3 multe 
ler) in serie with ias shown in Fig. AD). From, 
Fig 1040, 


Vt Vy = tnt ER 


“Tous the val ofthe lite, 


a 


Le b@ oe rut 
f a 
f 2 so] 
ee I 
ry o 


Probie 1. A moving cil instrument gives 
‘esd when the current is AOA and trite 
46250 Calculate the vale ofthe shust obo 
connected in parallel with the meter to enable it 10 
To used as an ance fr measuring cutents up 
1050. 


“The cvcit diagram is shown ia Fig. 105, where 
resiance of instrument 250, R—eeriaance 


SOA Wedoah OA 
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‘Type otinstrument — Moving-oll Moying-lron nga reetier 
Suitable for meauring Diet curentand ——Digectand alterating Alternating current 
voltage ‘uments and voltage dnd voltage eas 
(eading nan. value) average value but 
Seale i adjusted to 
sven. yale for 
Sinusoidal waveforms) 
Seale Linear Linear 
Method of contol Haispings Haispings 
Method of damping Fay current Air ay curent 
Frogueney limits 20-2004 20-1008 
Advanagos 1, Linear sale 1. Robust constuction 1, Linear sale 
2. High vensitiviny 2. Relatively cheap High sensitivity 
5. Well shielded 5. Measures de and ac 5, Wal sided fom 
ioe say 4 Infroqeney range stray magnctic elds 
magnetic Hells 20-100Hateade 4, Lower power 
4. Low power ‘ms, conealy regardless” consumption 
‘conatption fofsupply wave-form 5, Goa frequency range 
Disadvantages 1 Only suite or de 1. New-tinear scale 1. More expensive than 
2 Mow expensive 2 Affected by say moving toa type 
‘thas moving goa typetmagticHelds 2, Eues caused 
3.) damaged 3. Hysteresis enor ia when supply 
secrets totaal 
4, Liale to temperature enor 
‘5 Due the inductance uf 
‘the solenoid, reaings 
‘in be affected by variation 
of fegucney 


of shun, {,=masimum permissible eunent oving 
ininstrumeat=40mA=0.08, 1-=cunet owing 
shunt and. total ciaitexent required give 
fad SUA. 


Since! 


I+ tend, 


te 00.08 = 40.968 


a hence 


ones, 
7 


ox 


= 20m 


“Ths for he mving-coi instrument tobe wed as a8 
smumete with a ange O-SOA, «resistance of value 
20620 acd tobe connected in parallel with the 


Prubilein 2A moving-coilinsrument having a 
resistance of 100, gives afd. when the eure i 
SSmA. Calculate the value ofthe muir be 
coaneced in series wit the instruments hat 
fan Re used as a volimeter for measuring pals up 
to100v. 


‘The cveuit diagram is shown ia Fig. 106, where 
re resitnce of lasrumen=102., Rye= existance 


Section 1 
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‘oF multiplier =e peemisile iasteument cure 
al requed to give Ea 


Vavtte 


Le 100=(0.008) 10) + 0.008), 
‘1-00.08 Rye, hs 


I+ he 


ome 


Hence forthe moving-oil instrument to be wel as 3 
Soluncter witha range 0-10DV, a esistanee of value 
TAKE ses to Be connected in series with the 


[Now try thefllowing exerise 


‘ExercseS1 Further problems on shunts 
and multipliers 


1A svovingcol insument gives fl. for & 
tment of 1OmA. Nepecting the resistance 
fof the iastument, calle the approximate 
‘alu o eis resistance need enable the 
{instrument to mpeasure upto (4) 20V () 100 
CO280V. (a) 24) 1006) 280] 


2. A meter of resistance S00 has a £54. of 
44m. Determine the value of shunt rsis- 
tance reguised in nde tat fs should be 
G) I5mA 0) 204 (0 100A, 

[la) 18.1820) 10.002 6) 2.600 


2, A moving coll inarumeat having a existance 
01200. givesatsal whenthecurentisSmA. 
Calculate yale the muliperio be con 
ceed i sevos wit the instrument so that 
‘canbe wed ava voneter for measuring p's 
Upto 200. (9sakg] 


4. A: movingcoll instrument has a fd of 
2omA atid a tesistance of 25.0, Calculate the 


‘alee of resistance sequted 10 enable the 

instrument to be used (a) 6a 0-10 are 

tet and (b) as 0-00 Valtmete. State the 
toe of resistance connection each ce 

(a) 30.100 in parallel 

(b) 497540 inseses) 


5. Ameterheraresitanceof 40 and epiersa 
‘maximum deflection when acurent of ISA, 
flows. Calelate the value of resistance that 
omer the movement sto (a) an auneter 
‘vith magnum deflstion of 50, and (b)a 
Someter witha range 0-250, 

Ua) 12.000 praet 
(b) 166340 asec) 


10.7 Electronic instrum: 


lecoic measuring instrmentshave advantages over 
instruments such as the moving-igon or moving<oi 
‘meter aha they havea much higher input resistance 
(Gone ashighas 10002) andcan handle auch wider 
‘ange of feguency (rom de upto ME. 

"he digital volineter (DVM) is one which provides 
digial display ofthe volage being measured. Advan 
{ages of a BVM over analogue iastumeats include 
igh accuracy and resolution no observational pt 
alle etrs (se Seton 10-23) and avery high input 
‘esstnce constant oa all anges. 

‘A digital multimeter is « DVM with adiiona cic 
culuy which makes itcauble of measuring, vllage, 
‘de and we, cunt and resstatce. 

Tsuen fore aeaurements se generally cal 
‘vated With sgusoudal leasing wave 1 ei- 
cate rans values when a insoidl signal i applied 1 
‘Me instrument Some instruments, such asthe moving 
‘von and eloco-aynamic struments givea we et 
indication, With eter instruments the indication is 
ltr sealed up fm the ean value (uch swith he 
‘ected moving-coliastuneat or scaled down rom 
‘he peak value. 

‘Sometimes quanti tobe measured have complex 
wavefoens (See Section 10-15), and whenever aqua 
tiy i now-sawsidal, era in instrument realings 
fan occur ifthe instrument has been clit for 
‘Se Waves only. Such waveform errs canbe Lngely 
eliminated by using electronic iastumens 
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10. 


‘The ohmmeter 


An ohmmeter ian instrument for measuring ects 
fesistance. A simple obmmeter cscit is shown ia 
Fig, 10a) Unlike the ammeter or voluneter the 
‘Ghmumetercielt does ot eeive the enegy necessary 
for its persion from the Gtcuit under test. 1a the 
‘oman this eneay is supplied by a selF-contained 
Source of voltage, such asa bate. Intil emni- 
tale XX ate short-circuited and adjusted 10 give 
sal on the ellgmmeter. Hr eament fs a a max 
‘um value and yltge & is constant, then resistance 
Ed is at minimum value. Thus Td oa the 
‘millimeter is ade ze othe cesitance sale 
‘When terminals XX are open creed no cue flows 
and (EO) sy, 


Figure 107 


‘The mllismmete cn thus be calibrated dey in 
‘hms. A cramped (on-line scale esults and shack 
to fonts shown in Fg. 10.7). When elite, 
sn unknows resistance is placed between tetas XX 
Sis ale determiged How the poston ofthe poet 
‘othe sale. An obmater designed for measur low 
ales of resistance is called a continalty tester. An 
‘Shnmeter design fr messing high als of ree 
tance (. egos) is called un insulation resistance 
tester (eg, "Megger’ 


10, 


Multimeters 


Insupents ate manufactured that combine a moving 
coll mot with a number of shunts and seis 
‘aubiplers, 0 provide a tange of readings oa a 
Single sale gradated to read current and volage. If 
2 baery is incorporated then rexnance canals be 
‘measured. Such instrument ate called multieters ot 


unversl instruments o¢ multirange lastruments, 
‘An Avoneter Is atypia example A particular ange 
‘nay be selected either by the se of separate terminals 
bey selector switch Only ose measurement cat be 
Pefoemed a time. Often such instruments ean be 
aed in ne a wells de cccuite when 4 vectier i 
Incorporated inthe instunent 

Digital Multimeters (DNIM) ae now almost uni 
seslly wed the Fluke Digital Multimeter teing an 
Industry Tender for performace, accuracy, seslute, 
ruggedness, eliablty and safety. These insiuneats 
‘measure currents and vltages, resistance sad con 
‘uity- a. (cms.) cunts and valiges, temperate, 
snd scl moe, 


10.10 Wa 


A wattmeler i an instrument for eseasuringeectecal 
power ina cic. Figure 103 shows typical cone 
Sons of« wattneer wed for essuring power supplied 
toa loa, The insruent has eal: 


(i) current co, whic i connected i series with 
‘he oad, ike an ameter, nd 

(i) avoltagecei, which i coancete i parle with, 
‘he ond, ikea volimete 


10.11 Instrument ‘loa 


Some measuring instruments depend for their operation 
‘on power ake om the cgi in which measurements 
sxcbeing made. Depending onthe loading effet of he 
Sesame (the current take enable ito operate, 
the prevailing cet conditions may change. 

“The esse of Volinctes maybe auld since 
‘each havea sted sensitivity (or tigureof mest). ofen 
‘ted in ‘hp olf fd. A olor sould have 
fs high aresisance as possible ideally insite In 
‘e-cicuitsthe inpedatce ofthe instrument ates with 
FRequeney and hus he loin effect of the aseuneat 


ean ehange, 
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Probl 3, Calla the pow dsipated by the 
‘yolumeter and by resistor Ria Fig 109 when 

(4) R=2500(b) R=2MO. Assume that he 
volineter sensitivity Gametime alld igure of| 
merit is LAW. 


al seov 


22M. Curent wing in vine, 
vim - 
naa sets 


Power ssp by voltmeter 


y= (100/50 10° 


When R=2500, cuenta resist, 


pak = Maan 
Osi 
et ip in tad ite 


(1000.4) =40W. Thus the power dissipated i 
the ylimeter i insignificant sn comparison with 
the power dissipated in he la. 


(h) When R=2MO, cuzat in esis 
v_ to a 
tea ha I asa 


Power dissipated in oad esis. 


tesance eee th per disiped tch et 
the velimetr isang a mich power ate le 


Profle 4. Anammeter has a of 100A 
an a resistance of S02. The ammeter is wsed to 
‘measure the cuteat i a loud of esistance S002 
‘when the supply voltage is 10V.Caeuate (athe 
smmeter reading expected (neglecting its 
‘esistance)(b) the acualeurent in thecal, 

(6) the power dissipate inthe aruneer, and (the 
ower dissipated in he load. 


Feom Fig 10.10, 


(2) expected ammeter sea 


Jason way 


Figure 1040 


(0) Actual ammeter rating 


‘B+ r2)=10/(500+50) 
S184, 


Thus the ammeter itself has caused the circuit 
condions wo change fra 21001 1 1.184 


(e)_ Pover dissipated in the ammeter 
8.18 x 10-150) 
(8) Power dissipated inthe Load resistor 


16s3m0W. 


R= (1818 10-9)*500) =165.3 m0. 


‘eoblem 5. A volmete having af. of 100 
uu a sensitivity of L6EYV is used to measure 
oltage Vi inthe eiruitof Fig. 10,11, Determine 
(@)the valu of voltage Vs withthe volimeter not 
connected, and (the yoluge indicated by the 
‘oluscter when connected between A and B, 


A oro g aa. 


cy 


igure 01 
(a) By vote division, 


vi 


(ee) 


a0 
(qretm)* 
ois 


ie ase ako. 
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‘The citouit is now effectively as shown. in 
Fig, 10120), Thus the voltage sade oa the 
volimeter is 


(eq) mov=aenv 


Acoosderale nav is thus caused hy the loading effect 
‘ofthe voltmeter onthe ica The errr i rdced by 
‘sing a volneter witha higher sensitivity, 


Problum 6 (a) A cuent of 204 flows though a 
{oad having resistance of 20, Determine the 
power dissipated inthe load (b)A watt 
‘whose caren col har atesitance of 0.012 ie 
connected s shown ia Fig. 10.13. Determine the 
‘watmeter ein. 


‘200 eS) 


soo hs 


Piger10s 


(a), Power dissipated the load, P 


(©) Wah the wanmeter connected in the cltcit 
the total wsisance Rr is 24-001=20152, The 
wtumeter wating is thus Fe 


[Now try the following exercise 


Exercise52 Further problems on 


1, AO-LA ammeter having a resistance of 302. 
isusediomesure the current fowing ina TKO. 


resistor when the supply voltage is 250. Cal 
‘alt: (2 the apposite yalue of cueent 
(neglecting the animcter resistance, () the 
ctl cstent inthe ici the power dist 
Pate in the ammeter (the power disipated 
Inthe 14 resist, 1a) 02508 

(b)0238A (6) 2.832 $6.58 W] 


(a) Acument of 1A ows through lsd hay- 
ing a resistance of 42. Determine the power 
isipated inthe load. (b)A watts, whose 
‘rent coi as vesistanee of 022 i con 
‘ected (as show in Fg. 10.3) 19 mcasue 
‘the poweriathe ld, Deteine the wattnets 
reading assuming the current inthe oad itl 
Isa. Tia) 00W Co) 9048 W) 


3. A oltage of 240 is appli toa cieuitcon- 
‘Siang of an 8002 resistor in series wi a 
[kf essio, What the voltage scons the 
UUGKQ resistor? The pa acon the 160. 
sito is measured by a volimeter of Cd. 
250 and eastiity100N)V. Determine the 
‘oltage indicated. Ti60 V:15627V), 


4. AMO supply is canaected acs a la 
resistance Re Also contected across Ris 
4 volumeer having a fd of 300V and a 
gure of ment (4, sesiity) af BLOW, 
(Caeulate the power dissipated by the vat 
meter and by the load resistance if (a) 
R=1000 (6) R=1MB. Comment on the 
‘aul obaaned. 
[la) an, ST6W (o) MenW, 57.67) 


10.12. The oscilloscope 


Te cxcillcope is basically a graphsplaying 
savie—itcaws a graph af an clecticl signal. Ia most, 
pplications the graph shows bow signals change ee 
‘ume, From the graph itis possible to 
etrmine the ime and Voltage values ofa signal 
caleule the fequncy of an acilaing sual 
sce the “moving parts’ ofa crcl represented by 
the signal 
4 tell amlfunctioning compoocatis distring the 
ena 
‘+ find out how cach af signal is de. ora 
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Venter Syne 


ispley 
Sytem 


“igor ye 


igure Ld 


+ tell how much of the signa is nose and whether 
the noise ischanging with une 


Oscilloscopes ae used by everyone from television 
repairtecncins wo physicists, They ae indapensale 
foranyone designing or repiting electronic equipment 
‘The useuloes of an osclloncope ie ot Kinited to the 
world of electonis. With the proper transducer (e 
1 device that creates an electrical signal in esponse 
tw pliysical stimuli, such as sound, mechanical sess, 
presse, ight or hea). an oscilloscope can meaeure 
{ny kindof phenomena. An automobile engineer uses 
‘moxilloeope tomensre engine vibrations: a medial 
researcher wes an oscilloscope to measur rai Wats, 
ands on. 

‘Oxilocopes ae aaiaben both analog ve and dig 
ital ypes An analogue sellosepe works by dictly 
applying voltage being measured vo an electron bea 
moving acoss the esilosope seron. The vollage 
defect the bean. up or down proportionally acing 
the waveform on the acteen, This giver an immediate 
Petre a the wavefon, 

To contas, 3 digital eselloseype samples the 
eavefonm and uses an analogue ty digital coaster 
{see Seton 19.11, page 307) 10 comet the voltage 
ing measured ii dial formation. 1 then uses 
‘his igi information to reconstruct the wavefon o8 
the ereen. 

For any applications either an analogue o digital 
‘oseiloscope 1 appopeat. Hower, cach type does 


possess some unique characterises making 
Tes suitable for specif asks 

“Analogue oscilloscopes te often prefered when i 
is important o slay rapidly varying goals eal 
time’ (Leu hey occu, 

Digital oscilloscopes allow the cause and viewing 
‘of events tat happen only once, They can process the 
Aig waveform data or send the dita toa computer 
for processing Also, they can stove the dptal Wave 
Fowm data for late viewing an piting. Digital storage 
cilosopes ae explained in Section 10.14, 


Analogue oscilloscopes 


‘When an oscilloscope probe isconnecte ta cect. the 
voltage signal uals though the probe to the vertical 
syne af the oscilloscope. Figure 10.14 showsasimple 
‘block diagram thar shows how an analogue oscilloscope 
displays measured signal 

Depcnding how the yetcal scale (oltvision 
onto iss anttenustrrtuceshesignal volageor 
‘amplifier increases the signal voliage Next the si 
‘al teavels diet tothe vertical deflection plate fhe 
cathode ra ube (CRT, Volage applied to hese deer 
‘on pats causes glowing dato move (An eecon 
‘eam biting phosphor ise the CRT crests the glow 
ing do) A postive yltage causes the dt to move up 
‘while a negarve voltage causes the dot o move down, 

"The signalals tives othe iggersytem sta or 
tegger a honzontal sweep’ Horizontal sweep ivatenn 
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{efetrng tothe ation ofthe horizontal syste causing 
the plowing dot move across the screen, Tiggering, 
the horizontal system causes the horizontal tine base 
tw move the glowing dot aeess the seren fog Left 
to fight within a specie time weeval Many sweeps 
in rapid sequence ease the sovement ofthe glowing 
dott blend into a sold Lins, At higher spools the dot 
‘nay seep eros the sce up 0 SOOO00 ines each, 
‘scan 


hex 
oa) and the vetial deletion action (2th Y 
ection), waces a graph of the sigal on the sxe. 
‘The rigger ie necessary to stable a repeating signal. 
Iv ensures thatthe seep begins athe sme pot of 3 
‘epeatng signal, realng ina ler ptr. 

"conclusion to use an analogue esiloscope thse 
‘asc setings to accommodate an incoming igual ced 
tobe adjusted 


the atenuation or ampliseation of the signal —use 
the vollsvsion contol to adjust the ample 
fof the signal Before i is applied to he estial 
‘ection plates 


+ the te ase — use the tinefivision conto 10 
Set the amount of ine por division represented 
ovizootallyaeoss the screen 


the wiggeriag of the oscilloscope ~ use the tg- 
gst level t stabilise «repeating signal, as well ax 
‘wggering on a single event, 


Alo, adjuning the focus and intensity contls enable 
‘sup visible deplay tobe rete, 


(©) With diret voltage measurements, only the ¥ 
anmpliiervotsfen” sich oa the oslloscope is 
‘sed With ao voltage api othe ¥ plates the 
polton ofthe spot ae onthe screen i note 
When dvet voltage is applied to the Y pats 
the ew postion ofthe spot sce isan iation 
‘ofthe mtpnitude ofthe voltage For example, in 
Fig. 10.15), with no volge apps to the Y 
plates, the spot ace ein the cente ofthe screen 
initial poston) and then the spot tae moves 
25cm othe inal postion shown. on application 
ff ade. voltage. With the “yoisem” switch on 
Tovolscm the magnitude ofthe diet voltage is 
25emsl0voliem, be. 25,0, 


i) With alternating voltage measurements, let 
2 sinusoidal waveform be deplayed on 30 
‘vcllascope sceen at shown in Fig. 10.156), 
The tinefem switch son, ay, Sasem thea the 


igere Was 
peril time T of the sinewave is Sms x 
‘ern ie. 20m 0.02, Since freuncy 
1 
oo 


IF the “vole switch i on, sa, 20volsem 
‘hen he amplitude or pak yalueof te sinewave 
shown is 20voligom sem. ie 40. Since 


peak vollage 


=s0n 


ms, voltage (s0e Chapter 1}, 


ems. voltage= 4 

2 
Double beam oscilloscopes ae sel whenever two 
signals are tobe compared simultaneously. The ex, 
kemandsseasoable sil ia adjstent and se. How 
‘eri greatest advantage iin observing the shape of 
‘waveform feature nok pssesed by ther meaning 


28.28yolts 


Digital oscilloscopes 


Some of the spsens that make up digital esi 
‘capes te the same athe fn analogue oscilloscope 
Trowever, digital ocillousoper contain addtional data 
cessing systms ay shown i the book diagram of 
Fig. 10.16. Wih the add systems, the digital scl 
Joscope collet data fr the ene wavef an hen 
splays 
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‘ain Sn 
Tea = 
ra “| owl 
cn ote, |i ES 
| 


~ 


riager system 


FRereonr sper] 


When igi osioscope poe isaac 10 a 
sina the seria syste ast the amplitude of 
the sig, js a nthe analogue cniloncpe, Nex, 
the anlage digital covert (ADC) i the as 
Shion stn spe the signal tds pins in 
time nd comess he signalvoage a ese plats 
ga values called sample pons. Th orizatal ys. 
te sanpllock determines hw ftenthe ADC aks 
3 sample The ata which the lock ck’ is ald 
these rand is nese a amples per eon 

"Th sample points om th ADC are tne in 
cy a waneform pons, Mote tan one sample poi 
tay nae op ane waveform pi. 

“ogee, the wave pots make up ove wae 
fue eon, Theater of watt pele edo 
tke & wanefor eco ale a eon gt, The 
ge sytem eae the ta a tog pit of 
theteco, Te dsp eseves thee eon pore 
being tered in mercy 

Depending on the capabilities of an osioscope, 
adtonal procesing ofthe sage pins may Take 
plas, caning he display. Peg yb aa 
the allowing eves tte seen bef the Wigher 
, ‘Fundamentally, with a digital oscilloscope as with an 
analog oscilonope thr cand to ad vet, 
Dovizot and wigge segs ake eas 


Problean 7. Forth oscilloscope square volage 
waveform shown in Fig 10,17 detente (3) the 


periodic time. (b the froquency and (6) the 
peak-to-peak voltage. The ‘timcem (or timebase 
onto) switch san 10 ple andthe "vol 
(Grsignal amplitude conwol switch son 20Vjcm. 


igure 1037 


Un igs 10.17 1020 same that the sas show 
fae Lem by Dem) 


(a) The width of one complete cycle 5 2em, Hence 


the peradi tne, 
T=5.2cm 100 10-6sfern=082 m5 


L 
Ti 


0) Frequency. f= 192k 


(e) The post peak elgh ofthe display is 3.6m, 
ence the peak-to-peak voltage 


= 3.6m » 20Vjem=72V 
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Problum 8. Fr the oxlloscope display of a 
pulse waveform sown a Fig 10.18 the tneem® 
itch on SOmsfem and the “vole” sich is 
(0 0.2 Vem, Determine (the pei time 
(she fraquney (the magitue ofthe pulse 
volage, 


1 


Froqueney. = 7 = 


00H: 


(©) The peak-to-peak height ofthe waveform is Sem. 
Hence the peak-to-peak vliage 
‘=Sem $Viem=28. 


(©) Anplinde=$.28V=25V 


(©) The peak value of Voltage isthe amplitude, Le. 
1asVand ans 


peak woliuge _ 125 


vol aaa 


Figaro 


(0) The with ofone complete eel is 3 Sem, Hence 
the peso tine, 
7 


Sem Ones = 178m 


1 


(0) Froqueny, f= =s71Me, 


rsa 


(©) Thebeightofaputseis3.dembencethemagnitude 
othe pale voltage 
‘=3em x0.2Viem= 068 


Profluat 9, A sinusoidal voltage trace dapayed 
by an oilloscope is shown in Fis. 1049. the 
“imeem” itch ion SOO em andthe 
volte” switch in $Vlem, ad, forthe 
waveform, (the feguency. (bth peak-to-peak 
‘volage, (the amplitude (the ans. yale 


a A 
A 
MW \ 


Figaro 


(0) The wih of oe complete eel is 4em. Hence 
thepeiaitine, Ps dem + S00 psn Le 2a 


rubles 10, Porth doubl-beam osilocope 
splays shown in Fig. 10.20 dete (a their 

fequency.(b) teins values (tei phase 

serene: The “mel site i 100s 
au the vols sich on Ve 


[N 


igure 10.20 


(2) "The width of each complete cyte is Sem for both 
vveforme Hence the ptiodic time, 7, of each 
Waveform is Sem » 100 sem, be 0m 
Frequency ofeach waveform, 


1 


tse 


("The poak value of waveform A is 
Dems 2Viem=AY. hence the ums value of 
waveform A 


yivBy=288V 


"The poa value of waveform Bis 
25cm x2Viem=SV. hence the tn. vale of 
waveform 8 


anv 
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(eh Since Sem repeesents yee then Sem sepresents 
Si te represents 36/S-=72 The phase 
gle ¢=0.Sea 

05cm 72/om=36" 


ence wavefuem A leads waveform B by 36°. 


Now try the following exerise 


‘Exercise 53. Further problems on the 
cathode ray orlloscope 
1 Forthe square voltage waveform displayed on 
‘tn sclloscope showin Fig 10.21, fd (a) 
ls fequency, (ba peak-to-peak volage 
ta) 4170) 176V), 


To 


igure 1024 


2 For the pulue waveform shown in Fig. 1022, 
ind (at egueney, (the magnitude of the 
ple voltage Tia) 06H (0)84V] 


igure 10.22 


‘3. For the sinusoidal waveform shown ia 
Fig, 1023, determine (a) its tequens 


(b) the peak-to-peak voltage, (e) the ems. 
voltage 
((a) 7.1484 1b) 220 (6) 77.78) 


hy 


10.13 Virtual test 
trum 


id measuring 


Computer-based instruments ae api replacing teas 
‘of conventional txt equipment in many of oda) ext 
‘and mesurementappliations, Probably te mos cot 
‘monly avilable viral test struments the digital 
storage oxillscope (DSO). Because of the processing 
‘ower avallale fromthe PC coupled withthe nie so 
ps capaility,computesased vital DSO i able 
‘vide a variety’ of additonal futtions, suck as spec 
‘wu analysis and digital display of oth frequen and 
‘voltage. ln addon the abi to save waveforms and 
apured measurement data fr future analysis o for 
‘comparison purpose canbe extemely valiale pate 
‘lay where evidence of conformance with standard 
‘or specifications i rogied. 

Unlike + comentional acillocape (which ip 
smaily intended for waveform display) a computer 
‘nase visual oscilloscope effecsivel combines several 
tes instruments in one single package, The factions 
ad available measurements from such an insruent 
‘ually includes 


‘teal time or stoned waveform display 


probe time and voltage measurement (using 
Mjstable cursors 


ipa display of voltage 
digital display of requeney anor peso tine 
‘+ curate metsuement of phate angle 
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frequency specu display and analysis 


4+ das logging sted waveform data canbe 
‘xpodd in fannats that are compatible wih c- 
‘eonal speadshet packages, cass les) 


4+ abil to savefpint waveforms an eter iar 
tmaion in graphical fonna (a+ jpg or bp 
Ales) 


Visual nstruments can ake vais forms including: 


tema hardware inthe fornof conventional PCL 
expansion card 


extemal hardware uit which is connected othe 
‘PC by means of either a conventional 25-pin pas 
el ort coasccte oe by mens af a sera USB 


“The sofas (and any necessary divers) is ienai- 
hl supplied on CD-ROM orca be downloaded fom, 
the nanufusure’s web site, Some manufactures alse 
Supa software davers together with sulin! acne 
‘ating documentation itoee alla users to cent 
ical tes lnstuments from hee own sofware deel 
oped using popular programming languages such 
ViswalBASICae C+ 


Several typos of vial DSO ate curently saab 
‘These can be comeniclly aranged into te diferent 
‘ateporiesacoing to hee applieation: 


Low-cost DSO 
sh-speed DSO. 
zh-osluton DSO 


Unfortunatly theres often some confusion betwen 
te last wo categories highspeed DSO is designed 
{or ctaminiag waveforms that ae rapidly changing, 
‘Such an instrument doesnot necessarily provide high 
‘esoluon mesurenert, Sioa. a high-resolution 
DSO is useful for displaying waveforms with a high 
degre of precision bu tay not be suitable or xa 
ining fast Waveforms. The difeenceberwce hese Wo 
"ypes of DSO should becom a litle clearer late on, 
‘Low-cost DSO ave pimasly designed fr low te 
‘quency signals typically signals up to round 20H), 
Sd age sully able 1 sample thee signals at eats 


of between 10K and 100K samples per second. Ros 
lation is usually Linuted 10 iter Sits of 12- 
(corresponding 0 256 and 4096 discrete volage levels 
respectively) 

High-speed SOs ae rapidly ceplacing CRTs 
osilosopes. They ae ivaviahly dual-channel as 
‘ments an gvide all de Fates associated ith a 
oaventionl ‘scope including igger selection, ine 
ase and vollage fangs, and an ability to opetate in 
X-¥ mode. 

‘Adina features available with a computer-based 
‘struct inl the ability tocaptureteansient signals 
(4s tha cngventionl digital storage scope” and save 
‘waveoans for future analysis. The ability o analyse 
‘Suna eens of as feguenc specu s yet another 
feature that is only posible witha DSO (ee ler 


Upper frequency limit 


‘The upper signal equeney linitofaDSO i determined 
fimuly by the rate t which tcan sample an incom 
{ng signal Typical sampling tates fo dierent types of 
‘iru instrument re! 


ighaposd DSO 100M40 1090 per vecond 


In oner to display waveforms with resonable ceu- 
racy itis normaly suggested that the sampling rate 
Should be a east twice and preferahly more than 96 
times th highest signal fequency. Thus i order 10 
slspla a 1OMB2 signal with any degree of accuracy 
‘sampling rte of SOM samples per second will 
‘quired 

“The ive nes rule’ meri ine explanation, When 
sampling signals in a digital to analogue consener We 
‘sully apply the Nyquist eiteion thatthe sampling 
fHegueney must be a Hast twice the highest analogue 
Signa frequency. Unfortunately. his no longer apis 
inthe cate BSO where wend osumpl at an even 
faster rate if we are ta accurately splay the signal, 
I practice we would need minimum of about five 
points within a single eycle of a sampled waveform in 
Seder reproduce st with approximate et. Hence 
‘he sampling ate shoul beat est ve as tht of 
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highest signa fequoney in ode to display a waveform 
ressonahly fail 

“A special case ess with dual-channel DSOs. Here 
‘he sampling fate may he shared Hetweea the two chan- 
tele, Thus an effective sampling rae of 20M sales 
or second might equue 1 HON samples per second 
foreach of the two channels, ln sch tease the upper 
Frequency lit would aot be AMZ bu aly'a sere 
2M 

‘The approximate bandwith required to display i 
ferent pes of signals wihsessoualepecsionts given 
inthe tae below 


‘Alo fequency (general) de. 20882 


‘Squue and pulse waveforms de. to 100kH2 
(upwoskit) 


Vio ds. to uote 


‘The general rule sth, foe sinusoidal sgoals, the 
width should dolly be teas double that of he 
ighest signal fequency whilst for square wave sad 
pulse signals, the bandwidh shouldbe a eatin ties 
‘at of the highest signal fequency. 

ss worth noting hat most manufacturers deine the 
undid ofan instrument asthe frequency at which 
sine Wave put signal wil fll 16 0.707 of is wae 
“amplitude (the 88 poi). To ptthisino cote, 
atthe cua eoquney the displayed wace will be it 
enor bya whopping 204" 


Resolution 


‘The relationship been resolution and sigual acu 
racy (pot bal s spl thatthe bre sued i 
‘he comvesion proces the more dsccte Wola levels 


can be resolved by the DSO. The slatonsip is a 
{allows 


whee isthe number af discrete voltage levels and nis 
‘icnunberaf its. Thus each ime we use an aditoaal 
‘iin the eouverio press we double the esuton 
‘ofthe BSO, a show inthe ble Below 


‘Buffer memory capacity 


ADSO soresitscapured waveform samples ina bufer 
‘memory. Hence, fora given sampling rt. the size of 
this emerory buffer will determine for haw long the 
DSO can cape a signal before is ulfer memory 
‘becomes fl 

"The tlationship between sampling eae and afer 
-memoey capacity is importa, A DSO witha high san 
pling ate ut small memory yi only be able 1 use ts 
full erpling ite on the top fe time base anges, 

‘To pl thi io coer, ix wart considering it 
ple etanple Assume that we nto to display 10000 
{eles ofa LOMHz square wave. Tis signal wil occur 
{na tie fae of ms applying the ive times rule 
‘wewouldnestabandwidthof atlas SO Mlzto display 
‘his signal accurately. 

“To eocomstuet the square wave we would seed a 
‘minimum of about ve samples pe eyes mnimum 
‘sampling ate would be LOM SOM saps per 
scan. To cape dat at there of SOM saps per 
second fr ai interval of Fans eyuies memory that 
an ste 50000 Samples. If each sample uses T6-hits 
We would equze 1O0kbyte af extemaly fas! memory. 


Accuracy 


“The measurement resolution or measurement accuracy 
ff DSO (is rns ofthe stalls voltage change ht 
fe be measured) depends on the actual range that 
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selected. So. forexample. on the 1V ange an 8-itDSO, 
Tsable to dest a value change of one two handed 
fd ity sigh of «vot (1/286) V ov about nV. 
For most measurement pistons this will pove 
‘he pestectlyadoquate at amounts on accuracy of 
out 04% of flea 

Figure 102 depicts a PicaSeope soltwae dis 
pla showing nuliple windows providing convention 
‘siloseope waver display, spectrum analyser di 
ply. eyuency display. ad voile display 


Figuret0.4 


Aajustable eusoes make it posible w eany out 
extemely accurate measurements. In Fig. 1025, the 
pak value of the (nominal 10V peak) wavefonn is 
‘measured at peecisely 9625 mV (625. The ine 
‘each the peak value (hom OV) smeasused as 67s 
(02867 


igure10.28 


‘The uldton ofa second time cursor makes it poss 
‘eto measure the time accurately between two ches 
In Fig, 1026, event “0” occurs Ls before te tig- 
{51 pt whilst event x occurs 307 te afer the wig 
point The elapsed time between these wa events i 


52805 The two eutsors can be ajste by means othe 
‘use (or other poistiag vie) oe pore scurtly, 
thing the FC's ease keys 


Autoranging 


Autoanging is another very useful feature thai ofen 
ovided with a viral DSO. Hf you regulaly We 3 
onventional “scope fora arety of measurements You 
‘wll Kiow only tao well how uny tines you need 
to sake adjsonents 1 the vertical sensitivity of the 


High-resolution DSO 


igh aesolution DSOs ate used for prsiion applica 
tions where it necessary to filly reproduce 3 
‘wavefom and als to be able to perfor an accurate 
‘alysis of noise oor and Irmonic content. Typical 
ppicatons include all signal work and high-quality 
ati, 

‘Unlike the low-cost DSO, which typically has bit 
resolution and poor de. acursey, these unite ae Wt 
ally ccurate otter than 1 and have either 1-btor 
{-bitreuluton, This makes them del for aio, ase 
nd vibration measurements, 

‘The nerewed resolution ako allows the instrument 0 
used as spectrum analyser with Very wie dame 
ange (up to 10) dB}. This feae i ideal for per 
Torming noise and distortion measurements ao eve, 
analogue creas 

‘Banat lone i not enough to ensure that a DSO 
can acurtely capture high equney signal The gol 
‘of manufacturers ist achieves la Frequency rexponse 
“This rexponse ie someties refered to ea Maxially 
Fla Envelope Delay (MFED). troquency response of 
thistype delners eset pulse dsiy wh nim 
‘overshoot understand ng. 
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1eisimpontantio remember that if the input signa i 
ota pure sne wave wil continu numberof higher 
frequeacy haemoacs. Fo example, a square wave will, 
‘contained harmonies that have levee tha become p= 
ressively rouced a thee equency ineases. Thus 
to display 4 IMB square wave accurately you seed 
{take ito account the face that here will be signal 
‘ponents pesca at IME, SMH, 72, 9M, 
HIM and 0.00 


‘Spectrumanalysis 


‘The whoiue of Fast Rouse Tanstormation (FFT) 
calealated using software algocidms using data cap- 
tured by a vital DSO has made posible opeoduce 
frequency sperm displays. Such displays cn bet 
investigate the hutoaic coment of waveforms as well 
45 the tlaioasip between several signals wihin 
omposite wate, 

Figure 10.27 shows the frequency spectrum of the 
AHL sine wave signal fom a low-dstton signal 
zener, Here the virtual DSO as en sett ape 
Snipes t arate of 4096 per seed within ruency 
range of de: to 122KHe, The display ley shows 
‘he second harmon at level of S08 ot ~ 70d 
relative woth fundamental) pls further hammonis at 
SKI, SKE? and TRH (ll of which te gets than 
754 dawn on the Fundamental, 


Sea Sao 


Probleay 11, Figure 1028 shows the frequency 
spectrum ofa signal a LLSAAH displayed bya 
high-speed vitual DSO. Determine) the 
‘armen lationship beeen the signal marked. 
‘o'and "x, (b) the diferencia amplitude 
(expose dB) between the signals marked 0! 


sau ‘x and (c) the ampliude ofthe second 
harmon lave to the fundamental signal“! 


Figure 10.28 


(a) Thesignal sista eoquney of 3853482. Thisis 
thse times the resuency ofthe signa 6° which 
iat 184k. Thus. the tied harmonle of 
the signal 0" 

(©) The signal ato" has an amplitude of 17.4648, 
Whilst the signal at" has an amplitude of 
“{ORdB, This, the difernce in level 
1746) (-408)= 21.8408 


()Theamplitude ofthe second harmonic (how 
‘approximately 2270kH42) = 84 


10.15 Wa 


(0, Leraminstamancous vote be opseted by 
Van 2 oll This isa waefonn which 
aie Musa wih tine fh a ene 
Ya a asinur ale fy Alera Wo 
get oe sly asm 1 have waveshapes 
‘eich ae sinusoidal ware only ne frequen 
i resent the waver sa snsoal 5 
Calladacomples wave and aeeroshape 
‘tay bepitup mathematically fat component 
ilo! the fundametal and number of ae 
‘onl, Ths poss ication aaa, 
‘he fandanena or ist hanna 
and has the suplyfeguenc. he other ba 
Ionics ae abo sine waves Raving fequencs 
‘hich ager mules (Ths, he up 
Py oqo SOB the he id aoe 
rogue i 50H, he th 250 and on 

(8) complex waveform comprising the sum of 
dhe funamental and thd arn of out 
{ot the aplide of he undanenl shown 
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in Fig, 10.20, both waveforms bung inital 
‘in phase wih each other: IF fst oar 
monic wavefoaus ofthe appoprate aphids 
sealed poodspproximationtoasquare wave 
‘esuls Fig. 102%) the thd hanmooic Is 
sw having an inital phase displacement from 
‘he fundamental. The positive and negative halt 
eles af each ofthe complex wavefons shown 
‘in Figs 102%) an (by are ite in shape 
ad this is a feature of wavefonns containing the 
undameatl and only odd harmonics. 


Figure 10.29 


i) comples waneform comprising the sum of 
the fundamental and a second harmonic of 
bout half the amplitude of the fundamental ix 
‘Shown in Fig, 102%, each waveform being 
inially in phase with each other, I further 
fen harmonics of appropriate amplitudes ae 
‘ued a good approximation oa wiangular wave 
fesult In Fig. 1029(0, the negative cycle, if 
fevered, appeas a amine image ofthe pos 
five eyele about point A In Fig. 10294 the 
second harmonic f shown wit a inal phase 


lisplacement fom the fundaental an the pos 
live and segue bal eyels are disini. 


(iv) A complex wavefora comprising the sun of 
the fundameatl second harmonic and stint 
hanno is show in Fi. 1029(e, each wave 
form being inital “n-phaseThe negative all 
tele if eversd, appears asa mtr image of 
the posit yee about point Bn Fi. 102%, 
eomplee waveform comprising the sun uf the 
fundamental second harmonic anda tid bar 
monic ate showa with nial phase displacemeat. 
“The postive and negative half eyees ae seea to 
beds. 


“The features mentioned relative to Figs 1029(a) 0 
(f) mak it possible orecognize he harmonies preset 
{ng complen wavefonn displayed on a CRO. 


10.16 Logarithmic rat 


Ieleceonie systems, the ratio of wo similar quate 
measure at different points ia the system, are often 
‘expressed in logan nits. y definition, thea 

fot two posters and Pris to be espese ia deetel 
{8} units then he number f decibels, Xi given by 


(lg 1=0, when the power 
(0) then the decibel power ratio= 
£20. a power gin, and whenthe power 


Loguithmic units may also be wed for voltage 
su crt ratios. Power. is given by P= PR or 


1V2/ Substituting in equation (1) gives 


xo i0n( 3B )uo 
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(Go he laws of ogaritns, 

‘rom eiustion (1), decibels isa logaithmicratio af 
wosinilr quanti and stan absolute unit of mea 
surement. His therefore necenary t state «reference 
level to measure a number of decibels above ot below 
thatrefeeace. The most widely wed reference evel fe 
powers L mW, and when power levels are exeesed in 
‘eciels, ave or below the 1m eeerence level the 
‘unit given tthe new power levels dBm. 

"A volitee ca be rescaled Yo indice the power 
level dicly in decibels, The sae i generally cal 
Dated by aking aefeeace level of Od when a power 
fof Tm is dsipated in a 6002 resistor (this being the 
aural impedance of a simple wansmission line). The 
telerence voltage Vis then ohined fom 


P 


ie rx = 


foom which, V=0.77Syole, In general, the number 
‘td, 


+13, and soon, 


‘Atypical desbelmeter, or dB mete, sales show i 
Fig. 130, Eros fe inoduced with dB mites when 
Me lect peace is wor 600 


Problems 12. The eatioof wo powers is (a)3 
(©) 20(6)4 (4) 1/20. Determine the decibel power 
Tati each ee, 


Figure 1030 


rom above the power ratio in decibels, sgiven by 
=101g(F3/A1) 


‘oor? 
=47748 


a 
0) When 2 =20 


101g20) = 101.30) 
13048 
(© When & — 400. 
Fi 
3 = 101g(400) = 1002.50) 
= 26094R 


“ 


a 
X= 101g(005) = 1041.30) 
130d 


(2), (0 and (o epresen power gains and) eprsens 
power oes steuation, 


‘eoblem 3. The crtent patio a sytem is 
‘SmA andthe cure output is 20m. Find the 
ecbe errent aio assunig the inpt and Load 
‘sistance of the ystm re equ 


‘rom ave, the dete ument ai it 


oul 
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Problem 14, 65 of the power supplied to a cable 
appent the oust terminals Determine the 
power lou in decibels. 


wa 


aa 


Decitel power aio 


Hence the desbel power lass, oF attenuation, Is 
naan 


Probl 15, Am ampli bass gan of 14 a8 and 
‘ts inp powers Sa, Fad its output power, 


utp power. 


25.1218) 
201 mW 06 1201 


Problemy 16, Detenie, n debts, the tio 
of output power to input power of a3 sage 
‘communications yom. the stiges having gains 
f 124B, {5B and ~ SB, Find alo the overall 
power gain. 


‘The decibel ratio may be used to fd the overall, 
power aio of 4 chain simply by ang the dee 
el power ratios together Hence the overall decibel 


fiom which 19 


aa wir 
ie 
‘Thus the overall power gain, 72 = 79, 
[For the st stage, 


fiom which 


a fo the hid age, 


A 
Fe oasns 
B 


‘The overall power ratio thus 
1585 931,62 501585 =794) 


Probe 17. "The output voltage fa an 
snp s AV. Irthevalge gain i278, 
‘alee the value of the input vltageasuining 
that the apie ip esitance and Toad 
ressance ae equal 


Vole sin in 
201g(4/ Vi) Hence 


decibels 


201g1V/¥0 = 


Thue 


Hence the input voltage V, 160.179 
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logarithmic ratios 


“The sto of two powers is) 3 (b) 10) 20 
{4) 10000, Determine the decibel power ratio 
foreach. (a) 4.77 () 10a 

(6) 1348 ( 4048) 


“THe ratio of wo powers ina) 110) dy 
(Gof Determine the decibel power rai foe 
each Ta) 1048 0) 4778, 

(6) ~ 160248. —204] 


3. The input and output currents ofa sytem are 
2mA and 10mA respectively. Determine the 
decibel cuenta of out opt current 
suming input and output esistanes of the 
system ae eal T139KUB) 


4, 34% ofthe power supplied to a cable appears 
1 the output tenninal.Detenune the power 
loss in decibels 138) 


‘S. Am amplifier ha gain of 2448 and its input 
powers LOW Find it output power, 
Iestwi 


46, Determine, diel, the aio the ouput 

power input power ofa four sage system, 

‘he stages having gins of 1048, 848, ~ S48 
nd 74, Find also the overl power gin. 

[204 100) 


7. The ouput votage from an apie s a. 
ue valage gins 25H calculate the value 
‘ofthe input voltage nssuminghathe anplier 
{input resistance and ood resistance ar ql, 

1039mV1 


K. The voltage gain af & umber of cascaded 
mpi te 2348, SKB, —12.5u8 and 
$388, Calculate the overall gin in decibels 
‘suming that input and oud resistances foe 
‘ah sage ae equal, Ifa vollage af 1SmnV is 
spplied 1 the iat ofthe system, determine 
the value of the pt olage 

[65dB,39.010V) 


9. The scale ofa volimeter has a decibel sale 
ded to it, which i calibstd by taking 


4 sefrence level of 04B when power 

(OF LW is disipated in 6000 resistor, 

Determine the voltage at) OB (b) 1548 

() —15d8 (a) What decibel reading coe 
sponds 0 0SV2 

a) 0.778V oy o021y 

(60138 (d) 380748) 


10.17 Null method of measurement 


A null method of measurement sa simple, aut 
lanl widely wed method which depends on an instru 
‘meat wading being adjusted to eal ro cuenta 
‘The mead asounes 


(i) if ere is any detection at all dhen see creat 
is flowin 


(il) ir hese is no defection, then mw cuneat Hows 
(aml condition. 


Hinge itis unecessary far a meter sensing cuteat 
‘low tobe ealibeed when sed in thie way: A sens 
tive mlanmeter or microamateter with ente 20 
posion sting is called s galvanometer. Examples 
Where the method is sed are inthe Whesstone ge 
(Gee Section 10.18), in the de. potentiometer (see 
‘Seaton 119) and witha edges se Section 1020), 


10.18 Wheatstone bridg 


‘Figure 1031 shows a Wheatstone bridge circuit which 
compares av unknown resistance Ry with others of 
Towa flues, Le and Rs, whic have fixed vals, 
ul As which vale. Ris varied uti eo detec 
‘ols ean onthe galvanonsteeG, No current then 


Figure 1031 
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Aw tough the mee. Wa 
tobe halted At balance, 


a, and the ida isd 


Bs 5, 


y= BR be B= 
By 


Probluay 18, tna Wheststone bridge ABCD, 
salvanometer is connected between A and C sed a 
fhatery between Band D. A resis of unknown 
value is conpected between A and B- When the 
Ides balanced, the esistance between B and C 
{1000 that between C and Dis 108 and that 
etween D and A is 40022. Calculate the value of 
the unknowasesistnce. 


"The Wheastone bridge is shown ia Fig. 10.32 whese 
2, ithe unksown resinance, AX balance equating the 
‘products of opposite ato ams, ives: 


(200)¢400) 


(gun 


ai n= (1001400) 


A 


002 


igure 1032 


‘Hence, the unknown resistance, 4K 


10.19 D.C.potentio 


"The de potentiometer is ullbalance instrument 
sed for detemining yalues of ex's and pals. by 
‘comparison witha kaownesn.. ofp ln Fig. 10330), 
‘sig a standard cell of Know ean the lier Sis 
‘moved along the side wie ul hale i obtnined 


@ » 


(Ge. the galvanometer defection is 22}, shown as 
Jeng 

The Handard cell is wow sepaced by a call of 
tunkaowa et, (26 Fig, 10330) and again ba 
ance is obtained (shown a6 13). Since Eyl, and 
secs then 


an 


‘A potemtomster may be arranged as a tesisive 10 
‘lement patent divder in which the division ro 
4s aljutable wo give a simple variable de. suppl. 
Such devices may be constructed inthe form of a 
resiine element carrying sliding contact which 
4 adjusted by a soury or near movement of the 
ato no, 


Problem 19. Inade:poteiometr balance is 
bined ata length of 400mm when using & 
Sanda ell of LO1K6 ols Determine the en 
of adey colli alance is obtained with length of 
680m, 


a7E 
fo whi, 
oe 
" cos (22) 
— 
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[Now ty thefllowing exercise 


Exercise 5S Further problemson the 
Wheatstane bridge and 
‘de potentiometer 


Ina Whetstone bridge PORS, a galvanomster 
1s connected between Q and S and a vollage 
seurce between Pand R, An unknown resistor 
2, is connected between P and Q. When the 
tide is balanced, the resistance between Q. 
and is 200.2 tat beeen Rand Sis 1082 
fn hat between $ and P ie 1502. Calle 
the vale of Re [34 


2, Ralance i obtained in a de, potemometer 
a length of 31.2em when using a standard 
ell of LOIN yo. Calculate the ean of 
dry celli balance is obtained wit length of| 
s67em. [S38¥) 


1020 A.C.bridges 


[A Wicustone bridge type cicuit, shown in Fis. 10.34 
‘nay bousedina. cicuisto determin unknown yalucs 
‘of inductace and capacitance, a Wel a sistance, 


‘When the potential differences acsoss Zand Z, (oe 
sesoss Zand Z2) te equal in maghtude and pase 
‘thn the custo! wing through the galyanomcter. G, 
isso. At balance, 24242325 fom which 


zaks 
a 


h 


“There are many forms of bridge ad these includ! 
she Maxwell, Has. Owen and Heaviside bdges for 
‘measuring inductance, andthe De Sau, Schering and 
‘Wien hidges for mewuring cpactunce A camer: 
lal or universal Bridge is one whi can be used 
to measure resistance, inductance or epactance. Ae. 
Iwides require a knowledge af cmples numbers (he, 
“Joti, where j= Y—D- 

‘A Macll-Wien bilge for measuring the iad 
tance Land resistance rf an inductor is shown in 
ip 1035, 


AL folance the products of diagonally apposite 
‘impedances are egal. Thus 


tls 


le 


Using complex quantities, 21= 


RsiciXe! (prove 
Tike (sane 


and 2,= 7+ /M, Henee 
Rl=iXe), 
Ba iXe 
(I RKe + Dh) 
jr Xe— PRNENL 
—JrBsKet BEM, 


Rik ana) 


ie RU 0) 
Ril Rs — ) RING 
Le RyRy) RX 


(since =1), 
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Equating the rea pas eves 


RRR = RsNeXL 


fom wich, 


ie RReQaIC) 
Hence inductance, 

HyBsC beaey e 
quating the imaginary pars give: 

A RRNe= HN 

‘hom which, resistance, 

Ruts 

Ba 6 


Probes 20, For thee, bridge shown in 
‘ig 1035 determine the valuos ofthe inductance 


ro uation (2) above inductance 


ne 


Be = (400) 0075 10°) 
12H 


rom equation (3) above esitance 


(400)(400) 


soo 2 


Ihe frequency is constant thea Ry cc L/P tui re 
Qfacor (eee Chapters 15 and 16), Thus the badge 


an be adjusted wo give a diet indication of Qt, 
‘A Q-mcte described i Scton 1.2 following. 


[Now try the following exercise 


Exercise 56 Further problemona. bridges 

1. A Maswell badge cieuit ABCD has the 
Following ae impedances: AB, 25002 eesi- 
tance: BC. IS, capacitor In pall with 
8 TOKE sesisor: CD. 4002 resistor; DA. 
Unknown inductor having inductance Land 
resistance R. Deter the Values of Land 
‘ssuming the edge is balanced 


ust,109) 


“The Quel fora series L-C-R circuit the vlage 
smagaieution at resonance, be 
voltage sero capaettor 


Onto = opty volage 


vee 5. 

Me te Chap 

‘The implied ieuit ofa Q-meter, used For messing 
(Qtacrissbown in Fig 10.36. Cursor roma viable 
fhequeneyosvllaoedowing though avery 1 tei 
tance develops viable frequency voltage, V, which, 
‘applied to asetis L-R-C cre. The frequency i 
then varied unl resonance causes vllge Vow each 
ss masimm valu, A esoaance Vand. re noted 
Then 


1a practial Qanete, Vi maintained constant and 
the electric vlnter can be clr to india 
the Qactr dict Ia varialeeapacte CIs wed 
sau the ossillae sett given frequen. hen Cea 
‘eajse to give esonane, In this way inductance 
snuy beealeulted wing 


Ss 
vie 


fi 


Since Q: 


‘hen maybe calculated. 
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Figure 1.36 


Qumeters operate at various fequences and instru. 
nents exist with frequency tanger from KHZ 10 
SOME. Errors in measurement can exit with Qasters 
‘Since the coil has an effective pale elf capacitance 
dd to capacitance between tus. The accuracy of & 
‘Qrmeter it approxinutely 254, 


robles 21, When connected toa Q-meter an 
Inductor ¢ made to tesoaate a 0KH. The 
(Qasr a the cent is ound 0 be 100 and he 
‘apacitance ofthe Q-cte apace ise 10 
100 pF. Detenine (the dct and (b) he 
‘esistnee ofthe indactoe 


Resonant fequeney. fj =400KH2 =400. 10°H, 
(Q-facjor= 100 ant capacitance, C= 400 p= 400 
To", The eet dageam uf a Quneter i shown i 
Fig. 136 


G) Atrosonance 


for asris L-C-R cet 


Hence 


fron which 


are 
1 
oe sca aa 


= 39641 we 0296 0 


0) Qifator at reson 


2m feb{R re wich 


deh 
@ 


2 (400 100.396 1079) 
qe ee, 


95 
[Now try the following exercise 


Exercise 5? Further problem: 
Qmeter 
1. A QQumter measures the Q factor of a seek 
LCReiteitto be 200ataresonant fequeney 
(of 250KHz the capacitance ofthe Q-neter 
fspacitor is set to 400pF determine (a) the 
Inductance Zand (h) theresiance of the 
inductor. [ta) 1381 mkt () 1061), 


the 


‘irosate always introduced when using instruct 
measure eletcal quantis, The ertors most key 0 
‘occur in measurement are those duet 


(0) the tations of he insteunent: 


se operator: 


the instrument disturbing the circuit 


(© Exzoes in the tmitations of the instrument 

‘The allbrationseeuracy of an instrument depends 
‘on the prscision with which iis constructed, Every 
instrument has a margin of extor which sexpeesed 83 
petcentage ofthe instruments fll-seale deletion. For 
‘ample, industrial grade struments have an accuracy 
of £25 off.d-Thusifavoimeterhasa sd of 100V 
fd it indicates 40V sa) the the actual voltage may 
te anywhere between 40-+(25 of 100), oF 40222, Le 
tetween SRV an 42V, 

‘When an instrument is calibrate compart 
agsinst a Sundar instrument and a graph is rata of 
‘ero agunet meter deflection’. A typical graph 
shown in Fig, 1037 where it x sen thatthe accursey 
‘aries over the ele length, Thus a mcr witha 25 
‘ad cvuracy would tendo have an acuray whichis 
snuck better than 22% fad. oer much of the ange. 
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Pigere1037 


(i) Errues by the operator 

11s easy for an operator 10 mista a instrument 
‘Wath linear scales the values of the sub-visions awe 
seascnably easy to determine: now lic scale gradu 
tons ate fore ditculto estate. Als, sale fer 
{ioe instrument iestument and some meters have 
‘more than one scale ae with multimeter) and mistakes 
in eading indiations we easly made, When eealing 
meter eae it sould he viewed fom an angle pe 
fendicla to the surace of the sale atthe loeation of 
{he pointer: meter seal should ot be Viewed ‘at an 
angle’ Enoesby the operator aecliminated with digital 


(li) Evocs due to the Sastrument disturbing the 
creat 

Any instrument comneted at a eit wil fet 
that cet to some extent. Meters rie some power 
‘tw operate, but povided this power is stall pared 
With power nthe measured eeu hen Lhe cee 
Wil esa. Inconeetpstonig of lasruents in a 
‘deuitcan be a source oferor, For example let ee 
tance be measured bythe olimcter- ammeter methods 
shown in Fig. 10.38, Assuming “perfec natuments, 
{he resistance shouldbe given by the Yolneter sealing 
divided by the ammeter reading (ue. RV /1. Ho 
yer in Fig 10.3%), V/J=R+r, adn Fi. 10380) 
‘hecurtent tough theanuncteistha hough theese 
torus that tough he voltmeter Heace the voltmeter 
reading divided by the anneter reading wil ot give 
the ue value ofthe resistance & freer tthod of 


Figure 10.8 


Problem 22. ‘The curen fowing tough a 
resistor of SEO-£0.4% is measured as 25m with 
accuracy of meaturement of 20.5%. Determine 
‘he nominal ale ofthe yoltageacoss he resistor 
ante cour. 


2.5% 105 x10) =128V. The 
smaxinim pouible enor i644 + 0:55 0.95%, 
‘Hence the Voltage. V=12.5V 0.9% of 125V 
09% of 125=0.9/100« 125=0.1125V=0.11V 
concet to 2 sigan figures 

Heace the volage V may also be expressed ak 
125:20,11 vols (ca voage ying herween 1239 
sad 12.61 V1 


Problem 23, ‘The curen lowing ina rexnor R 
‘smeasued by a0-1OA ammcter which ives an 
{indication of 625, The voltae V acon the 
‘esstor ie measure by a 0-SOV volimett, which 
ives an indication of 36.5V, Detemie the 
‘sistance ofthe resistor and itsaceursey of 
‘measurement if both instruments havea limit of 
tuo of of Lad, Neplac any loading eects of 
the insoument, 


Revinanee, 
6s 
as 
‘Volage cio is £25 of SOV=1.0V and expressed 
ar percentage ofthe voltmeter eaing gives 


® 


sia 


4 
Seton 22.708 


Cute croix £25 of LOA=L0.2 and exprested 
sa percentage ofthe ammeter realing gives 

202 

was 
‘Manan elaive error = sum of enues =27340-+ 
32% = 501% and SOM of SMD —O.47O. 


Hence the resistance of the resistor may be expressed 


100% = 43.2% 


SHDL5.945 of SHES 


eounding off) 
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Probl 24, The ams ofa Wheatstone beidge 
ABCD have the following resistances: AB: 

R= 100002 1,04: BC: R= 1000-20.5%: CD: 
unknown resiance Ry DA: 8y=432.5:20.2%, 
Detennine the value ofthe unknown resistance and 
‘ns aceuracy of messuement 


resistor ig 6L020.8%, Determine the cu 
reat flowing i the wessor and is accuracy 
of meatiement 

[625mA-+ 1.39% 0" 625 + 008mA} 


Bane eae 
een nen meee Mansa nu crmatonug eter 

Sus goa ken 34 Dee 
fee ender peels 
feelin repr onion 
Reeratrrd 


Rik, 


3, A Wheastne bridge PORS has the fallow 
Ing arm esitances: PQ, 1402245, QR, 
1000059 RS, unknown resistance; SP 
27360.£0,1%, Detenmie the value of the 
‘nknoven resistance, and its accuracy of 

1273602.6% 0 77.36020719) 


‘The maximum relative enoe of Ry is ven by the sum 1. What i the main difetence between an 
‘ofthe tre individual ers, nalogue and a digial type of measuring 
ie Lame 40.5% +02%— 175, ‘nsirument? 
2. Name the thee etentil devices fr all na 
Hence Be GasOL17H, logue elec indicating nstuments 
17% 0F43250=0.749 (rounding of). Thus Ry may Complete he following statement 
priate (a) Anammeterhasa..... resistance and is 
onnocted withthe eat 
nya uaseo79 () Aolneter hava... resistance ands 


onnocted withthe cuit, 


4. Stte to avantges and two disadvantages 


[Now ty the following exerlses a moving cll instrument 


Exercise 58 Further problems an What effet does the cannes a) a shunt 
meaturementerors (ba muluplierhave on ilismmeter? 
1, Thepal serosaresisoris measured as 375V 6. Stute wo advantages and two disadvantages 


wth an accuracy of 0.5 


The value ofthe oft moving cll truer, 


etc measung instruments nd measurements 


“ 


Name two alvantges of electronic measur. 
ing insruments compared with moving-coil 
‘oF moving nstuments 


Britly explain the vinci of operation of 
an ohaaneter 


[Name typeof obmmeter sed for measuring 
(a) low resistance ylues (high resistance 
values 

‘What sa utineter? 

‘When may a sectifie instrument be used 
In preference to citer x moving-oil or 
‘moving on istrument? 

[Name five quate that ae is expable 
of messing 


‘What shane analyse? 


What is feature of waveforms containing 
‘the undaentl and ad hartonics? 


Expos the ratio of two powers By and Ps 
in decibel units 


What does power level unit of dBi 
indiowe? 


‘Whats meat by ul metho of measure 
Sketch a Wheustne beige cicuit used for 
measuring an unknown sesistance in a de 
‘eit an tat the balance condition 

How may a de, potentiometer be used 0 
menue pas 

Name five types of we. bidge wed for 
measuring unknown inductance capacitance 
‘What isa universal bridge? 


Sate the name of an ac. bridge used for 
measuring inductance 

Billy describe how the measurement of 
(Qari maybe achieved 


Why do instrument eros occur when 
measuring comple wavefoans? 


Detin ‘clit accursey" as applied wa 
measuring instrument 

Sate thee main areas where enor ate most 
liely occur in measurements 


Exercise 60 Mult-choice questions on 
slectrical measuring 
instruments and 
(Answers on page 420) 


1. Which of the following would apply 10 a 
moving coilinstument? 
(2) An uneven sale, measusing de 
(hy Aneven sale, measuring a, 
(6) An uneven sale, measuring 1 
(a) Aneven sale, measuring de 


{question which would refer oa moving 

3. Inquesion 1 which would refer ta moving 
i tir insruent? 

4. Which ofthe following is nde wo extend 
the range ofa mila to read voltages 
ofthe onder of 100? 

(2) a parle high-value eistance 
(b) aseris high-value sesistance 
(6) a pale low-value resistance 
(a) a sete low-value resistance 

5. Fig. 1040 shows a scale of « muli-range 
meter, Wha th current indiatdwhen 

‘Switched 10425, scale? 

(a) 44 () 56a 

fo 4a (@) 84a 


igure 10.0 


A sinusoidal wveformisdsplayedona cro. 
Steen, The peak-to-peak distance is Sem 
ad he distance between cycles i dem. The 
viable’ eich ison 100) and the 
‘volts sich son 10Viem In questions 
6 0 10, selet the concer answer from the 


following 
(a) 5V SV) Os 
(@) 384V(@) dime (SOV 

(@) 280He (hy 25V Gi) 25KHe 
GV 
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Determine the peak-to-peak voltage 6 
Determine the periodic tine ofthe waveform ”. 
Determine the maximum Valu ofthe yltage 
Determine the requeney ofthe waveform 
Determine the ems. yalue ofthe waveform 
Figure 10.4 shows double-beam exo. wave 
fore act, Forth quate std I us- 

fons 111 17, elec the comect answer frm, 1, 
the following 


@ VY 002s @ 0 


Se) seating 9 
pi 


Pi 
@ 15v a toms 
ee 20, 
() 290 (ORE a) 75 
() sous) rating 
s x» 
@ 3v ose @ 
(o) 2H “ 
or a 
| 
if 2 
gwen 
Ample of wavfom P 
Peiopal nites wean Q Fa 


Prodi time of bot wavefonns 
Frequency ofboth waveforms 
Ran. vale of wavefonn P 


Rams. value of waveform Q 


Phase displacement of waveform Q relative 
to waveform P 


The input anc out power fa sytem ake 
2mW and mW respectively. The decibel 
Powertip power to inp power i 
fo ©) 934 
© 19 (@ Was 


The input and output vlages of ys 
tue S004 aid SOV’ tespectively. The 
esta voltage aio of ouput w inp vale 
ge (assuming input resstuace eal load 
resistance) 

fa) 1000 © 30 

0 @ 0 


‘The input and output cutets of a system 
tuo Sm and I8enA eesectivels. The decibel 
‘ato output to input current (asuming the 
{np and Lad resistances ae equals 
1556 6 

© 16 @ 178 


Which ofthe following statements fase? 

(4) The Schering bridge is normaly used for 
‘weasuring unknown capacitances 

(0) AC. electronic measiring instruments 
an handle auch wider range of fe 
‘quency han the moving co nstrunent 

() Aconiples waveloen sone which snan- 
sSusoidal 

(a) A square wave nomally consis the 
Tundmental and even baronies 


Avoluseterhasa £2 of 1, sensitivity 
SE TROY and an accuracy of 2% of Fuk 
‘When the voluneter i connected into a ei 
cuit indicates SOV. Which of the fllowing 
alemens i fle? 

(2) Votuge eating is 50-£2V 

() Volmete resistance is 10082 

(e) Voluge readings S0V=24 

(a) Volage reading is SOVEAS. 


A potentiometer ix used to 
(2) compare voltages 

(0) measure power factor 
(6) compe cunents 

(@) measure phase sequence 


Chapter 11 


Semiconductor diodes 


Al the end of his chaper you shoul be able: 


“understand n-type and p-type materials 
understand the en jntion 


11.1 Types of material 


‘Mtorias may be classed as conductors, semicon 
ductors insulates The eassfation depends on the 
alae of ressivity of the maori. Good conductors 
se usually metals at have resistvies i the order 
{10-7 10 10-4 tm semiconductor hive resistivities 
ln the ouder of 10-7 1933 10" a, ad the resist 
ties of insulators ae i the onder of 108 to 10, 
‘Sone typical approsimae values st woemal rou tx 
pettucs ae 


Conductors: 
Alumina, 27 10-'am 
Bras (70CW3078) 8 108m 
Copper use annealed) 1.7 10-*m 
Stel il) 13x 10-80m 

‘Semiconductors: (a 27°C) 

Silicon 24x Won 
Germanium — OAS 


> spite odd ee ia op cons 
[mown te pln pet indicia agra 
1 mdontnbe pera fine charisma xing 


"+ kxow the characteristics and applications of various types of diode signa diodes, recites, Zener diodes, 
silicon controled etifiets, Hight emitting dies, varctr diode nd Schoty diodes, 


‘5 clasity maori as conductors, semiconductors or insulators 
“+ approcate the importance of icon and german 


Insulators: 
Glass 2 10!am 
Mica > 10am, 
pve = 10a 
Raubber(pur) 10740 10m, 


In general, ove a linited sange of tmpertues the 
sesisuace of & conductor increases with temperature 
Increase, the resistance of insulators temalns apron 
smtely constant with variation of temperature and the 
‘esistance of semiconductor matdal decreases athe 
temper increases, Fora specien of each ofthese 
‘materials, having the same vessance (and thus com 
pletely diferent dimensions asa 15°C. the vanation 
fora smal increase in temperature 11°C 8s shown, 
nig. 1h 

‘As the impersture of semiconductor mara i 
‘sisodaboveroou teers. tbe resistivity reduced, 
Saul ultimately 3 pot i reached wheve they eflee- 
fvely Iecome conducts. For this veasog, seen 
should aot aerate ta wouking lemperatre in excess 
9 150°C 10 200°C, depending on it purty, and 
‘sermanium should ot operateata working temperature 


1144 Hectic and Beco Panpes and Tecnology 


in exces of 75°C 10 FC, depending on its pity: 
Ah temperature ofa semiconductor irae below 
normal 0 empoatretheesstit inreases unl, 
very lw temperatures the semiconductor becomes an 
insult 


inductor mati 


Feom Chapter 2,itvas stated that an atom conain oth 
sopativechapeeaies (letras) an postive charge 
‘caters (protons), Elecrons each cary a singe uit 
Df egativeeleeic charge while prtoas each ealbit 
4 single unit of postive chase. Since atoms anally 
‘contin an equal umber of electrons and proton, the 
et charge present willbe 2e0, For example, fan atom 
Tayeleven electons, i will also contin elayen protons. 
‘Thecnd east he negative hare of te eletons 
wil ho exactly balanced by the postive charge ofthe 
Pe petrons wp in consent motion a they rh orm 
the auceus ofthe soe, Election obits ae organised 
into shelly The maxi numberof electrons present 
inthe st shell sto. athe second sll eight and ia 
‘th thi fourth and ithshels tis 18, 3 and 80 espec- 
tively. lectronis. only the eleeuon shell furthest 
from the nucleus ofan atom s important is impotant 
‘tw ne thatthe movement of electrons between atoms 
‘only wolves those presarin the outer Valene sell 

Te the yalonce shell contains the maximum number 
‘of clections possible the elecuons ae sgily bonded 
together an the eateral ae the properties of a ins- 
lator ce Fig. 11.2.1 however. the Valence shel docs 
ot have its ful complement of elctons, the electrons 
‘in be cally detached from her nba bonds, andthe 
‘terial ha the properties sociated with an electial 
conductor. 

Ths pre state, silicon isan insulator because the 
covalent bonding sigily holds all of the electons 
Teasing no fre (easily loosened) elections Yo cant 


® 
® 


Figure 112 


cuten,I-howeve, an stom ofa diferent element (Le, 
fn Impurity) is iasoduced that has ve eletons a 
‘ts valence shell a suplus electron wil be preset (02 
Fig 11.3), Those fee lectus become avaale for use 
ascharge easier andthey canbe made ome Dough 
fe lane by sping a external peal dference 
tothe materia 


$@38 @ 3 
fof mma 


Figure 11 


Sila ifthe impurity clement atoduced into the 
pure silicon Iatice hav thee electra init valence 
Shell the absence ofthe fourth election needed for 
‘oper covalent bonding will produce a number of 
spaces which lecuons can see Fig. 1}. These 
spaces ae refered tax hoes, Once again, cueat wll 
‘hw when an enteral peal dflernce applied 1 
she material 
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H eRe 

to} eS! 
ee —— 

fozyoefze? 


Figare tt 


Reguless of whether the impurity clement po 
dues suplus electrons or bole, the material will no 
logger behave a6 a aula, neither will have the 
‘popeties tat We nosnalyassciae with artic 
Sonus. Instead, we eal the mera « semcoo 
‘ductor ~ the tem simply serves to inte that the 
‘mates sno longer a good iasulte nor i i good 
‘conductor bt is smnewhete in between. Examples of 
‘oniconductor materials include silleon (SI, germ 
‘lum (Ge), gallium arsenide (GaAs) ad indium 
arsenide Ins) 

“Antimony, arsenle aad phosphorus ase type 
Ampariies and form an n-type material when an of 
‘heteimpucterare added to pure semiconductor me 
tial such as silicon of gemmunium. The amount of 
imparty added usualy varies fom part impaiy in 
10* parte semiconductor material to | par impurity 
to 10 parts semiconductor material, depending on the 
sesisiity roqied. Indium, aluminium and boron 
‘ae all plype Impurities aud form a p-ype mate 
fia when any of these impurities ae added toa pure 
‘emiconctor, 

“The proces of atducing an atom of sot (impu 
sy) element ito the latice of an otherwise pure mae 
‘ili cll doping. Whea the pure mate is doped 
‘withan impsiy with Bve electrons in is valence sell, 
(ea pentavalet impurity) will become an type 
(ie. neatve type semiconductor material. however, 
‘he pure materials doped wih an impurity having hse 
lectonsinitsaleace sll. talent impurity) it 
willecone a p-type (Le. postive type) semiconductor 
‘material. Note hat -)peSemicondctr material cow 
tains an excess of apative charge earier, ad pgp 
snatral contis feces of positive charge cies. 


In semiconductor mata thereae very fe charge 
‘ates pr uni volume foe conduc, Tiss Bocause 
the four election strate i the outer abel f the 
ss (called valeney lets), fon song covalent 
Dans with aeighbouriag atoms resulting ina tetabe 
deal (Le foursided) structure wih he elecuoas eld 
aly sgl place. 


11.3 Conduction in semiconductor 
materials 


seni, antimony and phosphonss have five valency 
‘lectons and when a semiconductor is doped ith one 
of thew substunces some inpurty tons ae incorpo 
‘ated inthe tevahodal structure. The “sth” valency 
learn isnot igidly bonded and is fee to conduct, 
the impurity atoms donating a charge cari, 

Tdi, aluminiua and boron have tee valeney 
clecrons and whon a semiconductor is doped with one 
lof these mabsances, some ofthe semiconductor atoms 
ue replaced by impurity toms. One ofthe fou bonds 
‘soctated wit the semiconductor matali deficient 
bbyoneclecuonandthisdeisencyisealled ale. Hols 
piveriseta conduction whe apotential diference exists 
Sos the semiconductor material duet movement of 
‘lect fomonehoetoanoher ar shown ini. 11.5, 
Ta thisdagram, an clcton moves fom Ao B,siving 
the appearance that the hole moves fom B to A. Then 
election C moves to A giving the appearance that the 
hole moves oC. and soon 


oo. 


“eo 
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11.4 The p-njunction 


{A pe junction i a piece of semiconductor mitra in 
‘which art of the materials pype and partisesype. 1a 
‘nde to examine the charge situation asume that sep- 
State Blocks of p-type and artype materials te pushed 
togete. Alaa tsute tha hole ia positive charge 
‘tier nd haan eletton i negative charg eam 
“A the junction, the donate eleeuons ithe mye 
mae, called majority earles, difise ato the 
Pptype material (iuson is from an area high density 
Toanate flower density) andthe aceptor holes inthe 
typematerial difuseintothen-ypemurilas own, 
Hythe asowsin Fg. 11.8. Because the wiype matetal 
has ost elecuons, i acquis a postive patent with, 
respect the ptype mil and thus ends to prevent 
further movement felecons. The pype material has 
‘ined elects and becomes acgaivel charged with 
respect the wtype mel and beaee tends 0 
holes, Thus fiers short while, the movenet of eee 
boos and holes stops duc ty the potetal diference 
‘eros the junction called the eumtaet potential. The 
‘area in the repion uf the junction becomes depleted of 
Holes and elactoas due toelecuon-bole recombination, 
snd sealed depletion layer a6 shown in Fig 17 


Figure 1 


Probus 1 Explain ity the tems piven below 
‘when they ae associated with -n junction: 

(4) conduction in intrinsic semicondcos, 

(b} majority and minority carer, and (6 fusion. 


{a} Slioncr germanium with no doping atoms added 
‘wecalled intenslesemiconductors. too en 
Pee, some ofthe electrons aie suficient 
‘Sacgy Totem weak the cole bond between 


[e-alo]ole o 


gure 1 


Moms and become fee mobile electrons, Tit 
{calla thermal generation of electron-bale 
pairs. Elections soncrated thermally etete a 3p 
fm the crystal suture called a hole the atom 
‘sociated wit th hoe being positively charged, 
fine it has lost an electron, Tis postive charge 
‘nay ana another leewonslease from anther 
‘Mom, creating a hole elsewhere. When a pote 
tal sapped acous the semiconductor ees, 
holes dt wards the negative terminal (unlike 
charges tea), and electrons towards the postive 
terminal and hence a smal curtent fos 


(©) When additonal mobile lecuons ae induced 


by doping temiconductor enteral wth peaava 
lent atoms (toms having tive yaleney elton, 
these mobile elects are called majority carr. 
fs. The relatively few holes inthe mye material 
priced by inti ation ae called eninority 
fries 

For prtype ates, the additonal holes ae 
introduced by doping with valent sts (tos 
having te valency elecoas). The holes are 
apparently positive mobile charges and are major 
4y ears inthe p-type mesial. The elaively 
few mobile elects tthe p-type mesial pu 
ftuced by intinsic adion re called ingly 


(Mobile hoes an electrons wander fely within 


the crystal lace of a semiconductor satesa, 
“There ae nove fee elcions in ype mei 
‘han bles and mote holes in paype teil than 
‘lees. Thus, is thir random wanderings. 
erage, holes pas nt the wtype mei aed 
‘lett nt he p-yp tral. This proces is 
fale fusion, 
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Problem 2. Explain bity why juntion 
‘between paype and mype materials creates a 
contact potenti 


Intrinsic etionductors have resistive propio. in 
‘har when an applied yoltge across the mats i 
severed in polity. a curent ofthe same magnitude 
ows in the opposite direction. When a a junction x 
‘med, the resistive propery is replaced by asc 
ing prope. that is, cuter passes more easly in one 
ietion than the oer 

‘An type mattal can be considered o he a station 
ay crystal mati of Gxedpoivechages together with 
‘numberof mobile negative charge ctr (cleo) 
‘The total umber of positive and nepative charge ae 
‘square matral canbe considered be nu 
‘er of ataionay negative charges together with mobile 
postive charge caries (hols 

‘Again, the total umber of positive and negative 
res are equal and he materi ithe positively 
for negatively chatged, When the materials ae oust 
together, tome of the mobile electrons in the a-ype 
‘material diffuse ino the paype material. Also, note 
‘ofthe mobile holes in the type materialise ito 
the naype materia 

‘Many’ of the majority cates ia the eepion of the 
Junction combine withthe oppose carriers io cnmplste 
favalent bonds aerate a sepion an eather side of 
‘he jancion with es Tow crit, Tis ea, called 
‘he depletion layer, ats asa insulator and isi the 
fader of (.Sjun thick, Since the n-type terial is 
lost electoas,it becomes poste charge. Als the 
‘type material hus Hos holes and becomes agatvely 
‘Shuged, creating spteaial actos the asco, called 
the Barrer oc comtaet potent 


11.5. Forward and reverse bias 


‘When an extemal voltage is appli 0 a pa jnetion 
‘making the pipe material postive with respect to the 
‘etype malcral as shown in Fig. 11.8, the pa junc 
‘io is forward blased. The applied voltage opposes, 
‘he contact potential and in ff, loses the depletion 
layer, Holer and electrons can now cos the janetion 
and a current ows. An increas in the appli vllge 
‘hove tht eure to marow te depletion ayer (aout 
(02 V for germanium and 06 V for silicon) esas a 
pid ise the custeat ow. 

‘When a extemal voltages applied pa junction 
snaking the ype matesal negative wih spect tothe 


type mats sis sown in Fig. 1.9, the pa june 
‘ons reverse lased. The applied voltage is now in 
the same Sense asthe conte! pent and opposes the 
‘movement of holes and electrons due to opening up the 
depletion Lye. Thus, steve. no cute ows How 
eve, torts room Temperature cersin electrons in 
thecovalent bond Ltice aie sueient energy rom 
thea avilable to ewe the lati, generating mote 
‘leetvoas anoles, This processiscaledeeetrohole 
seneration by thermal excitation, 


[ato ofo ofo} 
[a}© oo of] 
ISo elo ofa] 
G10 elo of] 


Tiger 


‘The electrons inthe p-type mattis anoles in 
the naype mateial caused by thermal excitation, ae 
called mort caries and these wil be atacted by 
‘he sppie voltage. Thus, in practice, small cument of 
‘Tew microanpers for germaniuay and less than one 
‘niroanpere fr silico, at normal foom emperatte. 
fas under eevere bis conditions 

‘Graph depicting the current-voltage relationship for 
fogward and reverse biased pr jubetions, for oth 
germanium and silicon, are shown in ig 1.10. 
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Foard eat na) 


Probes 3. Sketch the forward and everse 
urcterstes of slice pa juttion diode and 
‘desribe the shapes ofthe characteristics drawn. 


A typical characteristic fra silicon pen junetion i 
stove in Fig. 1110. When the positive termizal of 
the atery is consecte to he p-ype material andthe 
negative terminal 1o the ype material the diode is 
forward biased, Duc to ike charges repeling the holes 
inthe p-type material dif towards the junction, Sin 
ily the electrons in the ype material ae repelled 
by the negative bias voltage an also dit owas the 
ition, The wid ofthe depletion layer and size of 
the contact potential are reduced, For applied yoltges 
fiom 0/19 about O6V. very litle cateat ow. AL 
aut 06V, nary crits begin to eros the jun 
ion i lage numbers and cusent starts t0 How. AS 
the applied volage i aised above OSV. the cunt 
Increases exponentially ce Fig. 1.10 

‘Whenthe opative terminal of thebaerisconnecte 
to the paype material an th positive terminal to the 
‘etype material the diode i eerse biased, The holes 
in the pete material are atraced towards then 
tive terial and the letons inthe e-ype material ae 
arated towards the postive terminal (unlike charges 
drat. This dst increases the magnitude of both the 
‘contact potenti andthe thickness of he depletion ayer, 
SO that only very few majony cures hve sulicient 
‘next to snout the neon 


‘The thermally excited minority caters, however, can 
ross junction since its, effect, forward biased for 
‘ese cain. The movement minority carer ess 
ina smal constant caren Mowing. As tbe magnitude of 
the reverse valle is ineeased pot wl he reached 
wherealagecureat suddenly sattoflow.Thevoltage 
at which this occurs is called the breakdown vatage, 
“This curen due tw twa etfs 


(i) the Zener effet, resting fom the aplid ve 
age being sufieiar wo hreak some ofthe cover 
‘nds, and 

(id) the avalanche effect, sesuhing frm the charge 


‘ters moving at ufcen pest ea cova 
ent boos by colision. 


Probes "The forward characteristic of diode 
{sshown in Fig. 1.11, Use the characteristic 
etre) the cusrat flowing athe diode when 
‘forward voltage of 4 Vis applic (b) he voltage 
“oppo across the die whens forward csteat of 
‘mA i lowing init (c) the resistance ofthe diode 
when the forward voltage is 6, and whether 
the diode i Ge or Si type, 


10 


2 {ram_| 


Foran age 


Figure ttt 


(0) Flom Fig HL, when Y-=0A4V, eurren flow 
Ing. 7=19mA, 


(0) Whes 1=9n1A the voltage dropped aera the 
dude, V=08TV 
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(©) From the graph, when V =0.6V. 
‘Thus, resttance ofthe diode, 


(2) Bom Fig 
(0.58 Vth forward current 


(©) When the forward cue is 35m the fewaet 


1.12, when the forward voltage is 
Tem 


vue : 
y =r voltage=0.76V 
pata H8 nor <u =tm9 o 


() ‘The one of conduction cceus st approximately 


(02N This sugests thatthe dae sa Ge type, ‘NOW ty the fllowing exertse 


Prue 5: Comespondiag eatin ofcunent,/, ‘Excise 61._ Further problems on 
and valle, V_ fora semiconductor devie are semiconductor materials and 
ven inthe ble Prmjunctions 


4 Explain what you understand by the tn 


PS EAE CS COUEI CENA] Inns semicndctor an how an nin 


h(asy00 0 0 0 1 9 ¥ SD Ae semiconductor i tuned into ite 4 
Prlype oran ype mira 
Plot the 1/V charac forthe deve ad 2 Explain what i meant by minty and 
‘ea the ape of devi, sono ars ina ype material and 
Sate whether the tuners each of hee 
‘The 1/¥ characteristic is shown in Fig, 1.12 Camis ae lected y temperate, 
Since the device begins to conduct when a potetal 3A piece of pure silicon ix doped with 
of appokinaely Q6V is ape oi we ea ar (@) penta impurity and (b) telat 
‘hat te semiconductor mate alco ater han Spun. Explain the ef these inp 
ai, ‘ies have of the form of conduction in 
icon. 
* 4 With the ad simple sstche, explain 
ow pre ean an be ese ch 
2 aay thateondctions predomiaaly de 
10a) electrons and (by hts. 
au 5. Esplin the enns given below when wed 
fw. {in semiconductor tenninalogy:(a covalent 
i oc, Ch ralent apart () peatavaent 
bg impute bole pi generation 
i 6 Explain bel why although bah ype 
puma ded ype mai ve seine op 
a esis when spars thy ave esting 
roperin wena junction Between ther 
daa 7. The application of an enema voge to 
tay Sa junction dds can inuence the df 
Fear ge) holes a lcs. With he aid of 


Siggams explain this semen an aso 
how the diction and magnitude of the 
applied voltge affets the depletion layer 


. Stae Wietly what you understand by 


Figure 


Probl 6 Forte chance of Fig 1.12, : (oe 
deine for he vce (fora arent laneirinloggt ees 
Ine he or ogee 65, nC he is (ee enn aie 
lat volnge when he fear cnet 350A, (ch minty cane eon 
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9. Explain biel the action ofa pa junetion 
ode a) on open-cireut (b) When pro- 
‘ide with a forward iat, and fc) When 
Provided with a revene bis, Sketch the 
‘chatacters curves fr both forward and 
‘verse bias conditions, 

10, Draw diagram lasuating the care iu 
aon fran unbiased pn junction Explain 
the change ia the charge situation When 
‘compared wit hatin toed p-type and 
fetype materials, Mark on the diagram he 
‘depletion layer andthe majority cries 
exch gion. 

11, The graph shown in Fig. 1113 was 
‘obtained during an experineat on a diode. 
(a) What type of dio i this? Give rea 
sons (b) Dtemig the forwatieurent for 
4 forward voltage of OSV. () Determine 
‘the forward vltage fra forward current of 
30 mA. (d) Determine the resistance of the 
‘ode whe the focwacd voltage i OAV. 

1a) Ge (h) 17a fe) 628 (a) 800) 


aoe ak ae * ae 
Foard vag) 


Figare 11.13 


11.6 Semiconductor diodes 


When a junction is formed between paype and a= 
type semiconductor materials, the resulting device ix 
‘Glled semlcmnductor diode. Ths component offers 
fn extomely low rsstance 10 eurent Bow in one 


lection and an extremely high resistance t eaten 
‘ow inthe ether Tis propery allows dios tobe used 
‘in applications that require a cult w hehe afer 
ely accor tthe diection of eurent owing a 
4 Noe tha an ideal diode would pas an ini cu 
sent in one direction and no caren tall the eter 
Aliection. 

"A semuconductor doe isan encapsulated pn june 
‘ona with connecting leas ots for enmpection 
4 external eieuiny- Where a appreciable euent 
seat (a5 ste ease with many ee eu) the 
Slade may be mounted in etl package designed 1 
‘condct beat aay fo the anion, The connetion 
‘hep-ypematenalseeered ws the anade while thst 
tthe n-type mils called the eathade. 

‘Vasious fret types of diode ae available oe 
fereu aplcations. These ineluderetier diodes for 
se in power supplies, Zener dlodes for use as veliage 
‘efeeace sous, ight eit does sa varato 
‘odes Figure 1.14 shows the symbols sed ta repre 
ent dias ia electronie eit agrms, where's 
‘he ane ad" the esto, 


a 


) 2aner ose 


(2) Scan ceo 


(0) Signo 
‘ali ade recta era 


(eager 


cA. 
ipa ignite eile aa 
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Signal dios require consistent forward characterises 
‘with low forward voltage drop. Rectifier dies need 
to he able to ope with high ylues of reverse veliage 
an lage valucs of forward eaten and consistency of 
‘Shuracterstes sof econdary importance in such pli- 
‘ations. Table 1.1 summaries the churcterstes of 
Some common semiconductor diodes Lis worth nating 
‘hat diodes we lnited bythe amount of forward cut 
‘ent and reverse voltage they can withstand This inti 
‘sed onthe physical siz andconstionat the diode 

‘A typical general-purpose diode may be speci as 
‘ving forward nesold volugeof0 6 andsrevese 
‘yalulowa voltage f 200. Ihe ater is exec, 
the diode may suferievesible damage. Type val 
‘es of masimum repetitive reverse vllage (Ves) OF 
peak inverse voltage (PIV) rage Em about SOV to 
‘ver SOOV. The reverse veliage may be increased until 
‘he masimum revese voluge for which the diode is 
‘ated is seached ITs volage is exceeded the junction 
‘nay break down andthe diode may suffer permanent 
damage. 


1 


Rectification 


‘The process of obsiing unidivctional cutents and 
‘volages om altemating currents and voltages scaled 


rectification, Semiconductor diodes ae commonly 
‘hed cones aleratingcurtet (ac) toe cute 
(Le whit ease they’ age eter a rete. 
‘The simplest frm ofrectfiercieuitmukes use of asin 
sleiod sad, since i perates oa ihe positive or 
gai alF-yees of the suppl, ts own as sal 
wave etifler. Four diodes ae onset a 2 bridge 
rreller~ see Fig 11.14(d)~ and ae often used as 
fall-waveretier Nou that in both ewes, auton 
sovitching ofthe caren scared out Byte diet). 
For methods of half-wave and full-vavereliistion, 
se Seton 1,7, page 221. 


11.9. Zener 


des 


Zener diodes see heavily doped silicon diodes that, 
Unlike normal diodes. exhib an alu oterse break 
hoy relatively low voltages typically fess than 6) 
‘Asia eet, clled avalanche breakdown, occas 
Jin less heavily doped diodes. Tose valanche diodes 
lho exhibit apd beeakdown wit negligible cute 
owing below the avalanche voltage ana relatively 
Jug curent Rowing once the avalanche voltage has 
eon reached. For avalanche diodes this breakdown 
oltige usually occurs at voltages above 6 V. In prac 
tice, however both types of dode ae refered 10 a8 
“Zener diodes. The synbol fe aZeer diode isshowa i 
Fig 11.14(b whist atypical Zener diode characterise 
iho in ig. 1.15, 


‘ube 11.1 Characteristis of some rypical signal and rect diodes 


Device code Material Max repetitive 


Its Silicon 100 
No Silicon 1o0v 
AALS Germanium 60 
‘ons Germanium — 25 
oan Germania 11S 
too Sitio sov 
aNsiod Silicon 400 
BYI7 Sin 1250 


rms) 
smd AS0A Caen ppenn 
a 
mA 200A RF der 
Homa OWA Signa deur 
Soma 25,8 Coa pupove 
in 106A. Law ven ter 
es 10K ‘High voltage rectifier 
rn OWA High soage ier 
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ey 


Whereas reverse beatdown is highly undesirable 
oct iets tat use conventional diode, ean be 
‘extremely useflin the ease of Zener diodes where the 
Tweaks voltages precisely known, When udodeis 
undergoing reverse brealsown and provided its mash 
tum ratings are ot excsedd, the Nollage appearing 
esos twill emainsustaally constant equal the 
nomial Zener voltage epaess ofthe eurent How 
ing. This eopety makes the Zane ode ideal foe use 
voltage regulator. 

“nex diodes ae valle ations fais accord- 
ing to thei general characteristics, encapsulations and 
powerttiags with evesse beakdown (Zener) voltages 
Inthe ange 24V 1091 V 


Probl 7. The characterise ofa Zener diode 
{shown in Fig. 1.16. Use the characterise to 

etemine (a the curent fwig inthe diode When 
a veverse voltage of 30 Vi applied, () the voltage 
Aropped across the diode wien fevers current of 
‘SmA is owing init (0) the voltage rating fr the 
Zener diods ad (the power dissipated ia the 


Zever diode when a reverse yoliage of SOV appears 
ros, 


Figure 1146 


® 


o 


(e) The chancseriti shows the ase of Zeer asin 
2127 Vhs would sugges a Zener voltage rating 
on2v 


(8) Power, P=V > 1, fom which, power dsipatd 
when the reverse vllagels 30. 
30 325 10") 0975 W= 97S mW 


11.10 


icon controlled rectifiers 


Silicon contolled recites (or thyristors) ae tue 
terminal devices which can be uel for switching 
an ac, power contol, Silicon controlled rectifiers 
an switch very rapidly frm conducting 10 noo 
conducting state athe ff state, the silicon controlled 
‘ect exhibits eligible leakage cumen, when the 
fn sate the device exhibits very low resistance. This 
‘ess in very lite power loss within the silicon cow 
‘alle setiner even when appreciable power levels are 
‘ing contol 
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‘Once switched into the comuting state the sili 
com controlled ect will remain cooing (be it 
Ws latched in the state) ua the forward euteat 
is removed fiom the device. In de, applications thie 
‘ocestates the intruption (or dsconpectio) of the 
Supaly here the device can be rset into itso 
‘conducting sit. Where the device is used ih an 
ltematig supply. thedevicewillauuomatcallybocome 
‘ese wheacyer the main supply everses, The device ean 
then be triggered onthe next bal-<yce ving comet, 
platy to permit eonduction. 

TLR thelr cowentona silicon diode counterparts, 
silicon contolld rectifiers have anode and cathode 
‘connections; conta i applied by means ofa gate t= 
‘win p- The sen for asco contol weer is 
show in Fig. 114). 

‘Waceal use, a silico could eectisee (SCR) is 
teggened into the conducting (on) sate by means of 
the aplication f a cueat pls to the gate erinal ~ 
See Fg. 11.17. The effective wiggering of silicon co- 
‘olledrectier requires agate tsgge pulse having fist 
tise te derived from low-tsistance source, Te 
ing can become erratic when insufficient gate CUTE 
alla r when the yt custeat changes sll 


Cntsetoad, A, 


Figaro 1.07 


Atypical silicon consoled setiie for ais si 
ing applications will quite agate trigger pulse of about 
30mA at 25V toconto caren of unto SA. 


11.11 Light emitting diodes 


Light emiting diodes (LED) can be wel as senca: 
purpose indicators and, compared with conventions 
‘lamer lamps. operate fom significantly sale Yolt- 
‘ager and current, LEDs are so yery mich more 
‘eliable than lament amps, Mest LEDs will provide 
reasonable evel oflight oupur when frwardeutent 
‘of berween SMA and 2011 is applied. 
“Lighteminig diodes re valle in various formats 
withthe round ypes being most popula Round LEDs 
‘xecommenly available the 3mm and Sian (02inch) 


ameter plastic packages and aso ina Sm 2a 
‘ectaigla format The vewsog angle fr tound LEDS 
tends 19 hei the reg of 20°10 a0, wheres for 
‘ectagla yp this ieasedt around 100% The 
peak wavelength of emission depends onthe type of 
Semiconductor enplayed hut usally les i the tange 
630 106900, The symbal for an LED is showa in 
Fig, Liat 


11.12 Varactordiodes 


{i was shown ear that when adie i persed ia 
the reverse based condition, de width ofthe depletion 
region increase asthe applied voltage increases. Vary 
tng the wilh of the depletion epion is euiales 
‘varying the plate separation of very’ seal expat 
‘uh that the elaionship betwee junction capacitance 
‘aul apliedeverse volag wil ak semebiag ike at 
shownin Fi. 1.18, Thetypical variation of espace 
provid by a varator i trom about SUF to 10pF 3s 
the verse vollage is ncteased fom 2V 19 20V. The 
symbol for vrator diode showin Fig. 1.140), 


11.13 Schottky diodes 


‘The conventional p-n junction diode explained in 
Section 11.4 operates well at rectifier and wwitch- 
ing device at relatively low frequencies (., 50H 10 
40012) bur its performance as acter becomes sei- 
‘ust impaled at high frequencies due tothe presence 
‘of stoned charge carers inthe junction, These hate 
the effect of momentary allowing caren 9 Now in 
the revere direction when reverse vale le applic, 
‘This problem becomes increasingly more problematic 
the fequeney ofthe a supply i increased apd the 
pesiolic me of the applied voltage becomes smaller 
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eee Fw | conate 
| 
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‘To avoid those problems diode that wses a metal 
semiconductor cata eather than api junction (ase 
Fig. 11.19) is employed: When compared with conven 
inal Siig justion diodes, these Schatky diodes 
have a Tower forward voltage vypically 0.8 V) and a 
slighly reduced masionm reverse voltage ting (yp 
cally 30V 10200), Their main advantage ower, is 
altey operate with igheticiney i swtehed-mode 
power supplies (SMP) at raquncis of up 1 ME 
‘Schottky diodes are alo extensively used in the com 
Suction of lntegrated deus designed forhigh-specd 
‘ipa opie upplicatons. 


[Now ty the following exercises 


1 Wentty. the types of diodes shown ia 
ig 1120, 


i 


igure 11.20 


2. Shateh acieutta stow how thyristor can be 
sed a conioledecier 


2 ‘Skate a raph showing how the capacitance 
ff vracto diode varies wit pied reverse 
voltage, 


4, StteTWO aivantages it emi diodes 
‘when coped With coavestional Hlament 
Indicating Lamps 


5. Sate TWO aplictions for Scot des, 


(6. The graph shown in Fig 11.21 was obained 


during an experiment on a Zener diode, 
(a) Estioate the Zener voltage forthe did, 
(hy Determine the reverse yollage fora reverse 
‘current of -20mA.c} Determine the rover 
furrent for a reverse vollage of —SSV. 
(a) Determine the power dissipated by the 
lode wien the reverse vokage ix ~6V, 

Tia) 56(b)-S8V @)-SmA (195m) 


even vatage 
Reverb caret) 
Figure 1121 


1 Apo conductorkar resistivity intheordr 
(fA ren 


A temiconducto ha resistvityinthe oder 
Aer OL 


‘3. An malt a esistivity inthe onder of 
1 sn 


4. Over limited range, the resisanee ofan 
Insulator... wih inteae in temperature 


5. Overalimited ange, he sesisance of asemi 
conductor... with isceas ia epee 
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19. 


e 


‘Over limited eange. the resistance of a 
‘conductor. with iereas ia temperate 


‘The working tempemture of germanium 
should not exceed oe CAO oa °C 


‘Sependiag oni. 


"The working temperate of silicon should 
ot ence CD nn "depending 


[Name four semiconductor materials used in 
the electronic industsy 


Name to n-type impurities 
Name to ptype impurities 

Antony salle. impurty 
Arsenic has... valeny elecwons 


When phosphorus is iuduced int a semi 
eoaducir materi, obi. sult 


Boron scaled a... impurity 
edi as. alec clectons 


When sluininm is ivoducd iat a semi 
conductor material obi... sesult 


When ap junction is fanned, the wype 
material aegies a... chugedueto sing 


When spa junction is formed, the psype 
nial acqites a... change due olosing 


‘What is meant by contact potential in apa 
justin? 


With diagram, vit explain what adele: 
tion layer ena pn junction 


{napa junction, wha i ifsio? 


"To forward bias pa jueton.the 1 
ial ofthe Battery isconnected tthe ype 
ate 


‘To seers bias pn jution, te poiive 
‘minal of the battery is connected 0 the 
‘aerial 


When germanium pa janetion is forward 
ased, approximately mV must be 


applied before an appreciable cument sats 
eofow 


26. When a silicon pen junction is forwart 
biased. approximately... mV must be 
applied before an appeciaie cument stats 
tow 


27. When a psa junction revere Based, the 
thichnestor width fhe depletionlaer.—. 


24. fhe thickness or wid fa depletion layer 
decreases then the pen junction is 
bined 

29. Name five types of dies 


30, Whats mean by weesifcation? 


23. Whaciea zener diode? State atypical practi- 
cal application and sketch it ecu diagram 
symbol 


32 What isa hyrisi? Sate a typi prct- 
cal pplication and stech secu digram 


Symbol 

233. What ix an LED? Sketch civ diagram 
symbol 

34. What i varactor diode? Stor ie ctuit 
diagram symbol 


35. What is a Schottky diode? Ste a pial 
‘rctcal application and sketch it crue 
Aiagram symbol 


Exercise 64 Multichoice questions on 
semiconductor diodes 
(Answerson page 420) 
In questions | 1 S, selet which statements ane 
1. lapue silicon: 
(a) theholes are the majority carers 
0) theelecwons ae the majority caries 


(0) the holes and eectons exist in equal, 
umbers 
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(4) conduetion i ue tothre being moe 
‘econ than holes 


Invi eniconductor mattis aye: 
(2) covalent bonds forming  tetrabedal 
(0) pemtavalent toms added 
(€) conduction by mean of doping 
(a) a resistance which inteses with 
Increase of temperature 
4, Pentavalen impure: 
(a), have tre valeney electroae 


(0) invoduceholes when added semi 
conductor material 


(¢) se introduce by adding aluminium 
‘on x nerlenoductr mei 


(@)_ increase the conduction of a semicon 
dct material, 
4. Fie lvtons ina ype mats: 
(2) age majority caries 
(0) taken pt in conduction 
(e) ae minority caress 
(0) exit ia thesame numbers as holes 


53. Wh an unbias p-n junction i formed: 


(2) the paid is postive with resect 1 
the naide 


(bs coat potential exits 


(©) electrons difse fom the paype 
‘matefal tothe s-iype material 


(@) conduction is by means of majaity 
‘i questions 6 10, select which statements ae 
fate 

16. (4) Thetestane ofan insulator remains 


ppaimatly constant with increase 
‘temperature 


(b) The resisivty of «good conductor is 
tout 107 to 10? ohn tes 

(©) The sesisvty of a conucor 
increater with increase oftenperture 


10, 


(d) The resistance of a semiconductor 
decreases with increase of temper 


‘Tivalent impurities: 


{a} have tne valeney lecuons 

(0) roduc holes when added toa eric 
soaductor material 

(6) canbe introduced 1 a semiconductor 
‘material by adding atimony toms to 


(8) increase the conductivity of semi- 
oat material when ude 0 

Fe electrons in an type material: 

(2) ae majority carries 

(©) dfs into the paype material when 
‘pe junction formed 

(6) a4 result of the diffusion process 
leave the type material pstively 
shutged 

(2) exist inthe same numbers asthe oles 
Inthe type material 


‘When 2 germanium pn junction dlode is 
forward asd: 


(a) curtent sas toflow in an appreciable 
‘unt when the applied vole is 


shout 60 mV 

(©) the thickness oF widihof the depletion 
layer seduced 

(6) thecurverepreseating the euent Bow 
‘exponential 


(2) the positive erminal of the batry is 
connected tothe paype stra 


‘When a silicon pn junction dade is reverse 

ise 

(a), constant cutent flows over lage 
range of voltages 

(0) euttent ow is du wo eeetons inthe 
‘eaype material 


(6), eareattypeisducto minority casors 


(8) the magnitude of the everseeurent 
Alois usualy less than {WA 


Transistors 


the semiconductor uteri employed ~ silicon or 
‘sermaniun, and 1 thi eld of aplistio fo exam 
ple, general purpose, switching, igh quency. and 50 
‘Transistors fll into to mala classes — bipolar and) Trasistrs areas classified seco tothe app 
field effect. They ate also clasiied according to cation hate ave designed a,x wa in Table 12. 


12.1. Transistor classification. 


‘Table 12.1 Transistor easton 


igh-trequency —‘Tanssors designed specially fr hgh radio-frequency applications (L00KHx and above) 


‘ranistos tat hve low-noise characteristics und which re intended imal forthe 
‘nplifeation of fow-amplue goals, 


‘Transistors that operate at medium power and voltage levels and which te often used 10 
recede a final (power) stage which operates at an aprecahle power level 


‘Transistor designed io handle high curents and voltages 
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[Note that these clasfcatons canbe combined otha 
its posible, for example, to easily a uansnoe 36 
4 "ofequoney power wapsisr or as low-noise 
igh-tequency nant 


12.2 Bipolar jun 
(x7) 


Bipolar tansisors genrlly comprise -p-a or pa-p 
junctions of ether siicon (ior gemma (Ge) ate 
al The junctions ar infact, produced na single slice 
‘ofsilcoahy dtfusingimpurites though photosraph- 
ely reduced mask. Silicon tranistes ae supetion 
when compared with germanium tranisors in the vast 
rsjority of applications (particularly at high temper 
‘mures) and thus germanium devices ae very rately 
‘countered in modern electronic equipment 

"Theconstuctionoftypieala-pnandpn-pusasisiors 
‘shown in Figs12.1 and 122. In order wo conduct the 
ea aay fo the junction (importa meu ed 
high-power applications the ellector is connected 10 
the meal cave ofthe transit 


(raiten) 


‘Thesymbolsnd simplified junction adel fora 
and pee-ptansisorsare shown a Fg. 123 Iisanpur 

{ant to ote ha the hse ego pp masa ithe 
‘use fan n-p-atrasisto or type material inthe case 
ofa papain) is extrema) aos. 


fo) mp bint tani LT) 


1) papier netomat) 


Transistor action 


In the span transistor, comected as shown in 
Fg 12400) tansisor action is accounted for as 
follows: 


(a) the majority crirs inthe naypeeminer materia 
ae cectons 


(©) the base-mie junctions forward based to hese 
‘majority carries and electons crs the junction 
nd appa inthe base region 

(6) the ase epi is ery thin and only lightly doped 
with holes, 50 some secombinaton with holes 
‘count but many electrons ae lft inthe base 
reson 


2) the base-ollecior junction is reverse biased 10 
‘ale inthe base region and lectons inthe cal 
lector resin, bt i forward biased o clacton ia 
tebe region: ese electrons areata by the 
ose potenti the collector nia 
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{ea tg proportion of the elstons in the ave 
region cost the base-cllestr junction ito the 
aller region, erating collector cute 


(e) emp tipartn aristor 


Pigere 2A 


‘The transistor acto for an wep device is shown 
iagammaticlly in Fig. 125), Cometional cute, 


a 
5 
ioorn 
Ere Bs re i bere 
Ge 
5 


(pe pbietrntonanatar 


Figure 25 


ow istaken the inthe diection ofthe mation ofhoes, 
thats inthe opposite diectionoclctron Bo Aouad 
99.5% ofthe elacuons leaving the enter wiles the 
‘se collet junction and only 05% ofthe elecvons 
‘wll eombine with oles inthe amow base region. 
nthe pomp trandstor, comncted as shown in 


Fig. 1240), warsstor action is secounted oe as 
follows 


(0) the majority caret inthe 
ane holes 


ster p-type material 


(©) the base-emitr junction is forwaad ised to the 
naj caries andthe hoes ers the jnetion 
td appa inthe base region 


(©) the base segion is very thin and is oaly sll 
‘doped with slectoas so although some cee 
hoe pits are fore, many hoes are latin the 
hase epi 


@) thebase collector junetionis reverse biased cee 
trons ia the base region and holes in the ellctor 
region, but forsad biased 1 holes inthe ase 
repion these holes ate ataced bythe negative 
potential athe collector terial 


(6) alge proportion ofthe holes in he base region 
‘ros the base collector justin into the eoletor 
repin, creating collector curen: cores 
‘nent Now i inthe dvction of bole movement 


‘The transistor action for a 2p device i shown ia 
seammatially in Fig 12.50). Around 995% of the 
hols leaving the emer will cross the hase-ollecie 
junction an only 0.5% of the oles willcambine with 
‘letra the row ase region 
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kage current 


For an npn tranitor, the base-<ollector junction i 
severe hase for majority cries. but a small Leak 
‘gc cure, fewo, flows fom the cllectoe to the base 
‘ue o thermally generated minority carers (ole in 
the collector and electrons in the bie), being preset 
‘The base-cllector junction is forward biased to these 
minority cami, 

Silay, for a pap tranltor. the base-ollecor 
junction i reverse bined Tor enjrty cares. How 
‘ra smal leakage cure, a. ows fom tbe ase 
{orne collector due thermally generated munority car 
sets (elegvons inthe collect and holes athe tase, 
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bring poset, Once agin, the basecolletrjunetion 
ieforward biased to these anor eaters 

Wa modern wansistrs, leakage cuzent is wsally 
ery small (ypally Less than 100 9A) atl in most 
spplctions ian be ignored 


Probl 1. With efeence ta pap tansisor, 
explain beity what is eant by the fem “transtor 
‘tion and why apolar junction transistor i 50 
amd 


Forthe wansstoras depicted ia Fig. 12.418) the eter 
istelatively heavily doped with cep toms (hols) 
‘When the enuitertenninl is ade sufiienty positive 
with espect to te base, the base-emitter junction is 
fonwan! hissed tothe majority eaters. The msjority 
‘ariers are oles inthe cnr aod these dit om the 
emit ohe be, 

"The Bowe region is telaively Highly doped with 
‘Sonor atoms elton) and although some electro 
hole recombinations take place, perhaps 0.9%, most 
‘oF he Boles eaterig the fuse, do aot combine with 
‘dectons, 

"The hase collector junctions reverse biased 1 cle 
woos ia the hase region, but forward biased holes ia 
the base rpion Sines the ase is very thin and ow 
iepacked with hols, thee holes pase the base-ier 


a 
0st NA tes 


a 
os ie 


(8) pip reson tansor 


Figure 126 


junction towanls the nepative potential of the collec: 
for terminal. The conte of curent fram enter to 
collec is lagely independent of the ealleto-base 
‘woltge and almost wholly povemed bythe emitie-hase 
vol. 

‘Te essence of transistor ation is this utent con 
tuo by means ofthe hase-emiter voltage. In a parp 
‘ans, Hols in the emir apd collec repens 
a majo eaes, bu ate minority eases whea ia 
fn base pion. Also themlly generat electro a 
‘he emir apd callector regions are minty caer 
sae hoes inthe base eeplon, However, both mr 
dry and minority earners enotibute towards the toa 
utent fw (sce ig. 126) Is because esi 
‘males use af bo types of ehae caries (holes and 
lecoas) tha hey ate ell bipalar. The tasitor 
als couse two ps junction’ and for this reason 

nee the name ~ bipolar 
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current flo 


In norma operation (for operations inca ampli 
fc) the base-emiter junction fa traitors forward 
‘based andthe collecior base jueton sreversc biased, 
‘The hase epin is however, made yry aes! 0 that 
caves afe swept acron i fom entero caller 80 
‘hat only elatiely small curent ws ia the base. 
‘To puthis into context, the current lowing ia the ei 
tercivcutiypieally 100 tines preter than tit Bowing 
inthe se. The drctionof conventional cuteat fow it 
HHomemitero collector iathecase of p-ptrasistor, 
ad collector wo emer a the cave of an apt device, 
‘eho in Fig 127. 

‘The equation tat lates ures flow inthe collector, 
‘nse and emir cscs (sce Fig. 127): 


Ie 


tHe 


‘where Jes the emir cuten, fa ithe base current, 
a eihe collector csteat (al expressed in the sane 
‘i. 


Problem 2. A wanssor operates with collector 
euoa of 100mA and an emits cate of 
1M2mA. Determine the value of base cure 


ater cute, r 
from which, ba curen. 
Hence, base curren, 


Inthe 
fem le 
Tha 102-100 2m 
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(a) pnt ten arise (OT) 


s ara 
Ee 
pir 


(Bhp intr jietn tari BT) 


Figure 127 


‘Transistor operati 
configurations 


‘Tee ase cet eosigraios are used for wansis- 
tocamplifets. These thee cicuitconigurations depend 
‘pen which ove ofthe the transistor connections is 
‘made common to oth the it andthe out Ln the 
‘ease uf pola junction transis, dhe coatiguraions 
fe known a common-emiter, common-ollector 
(Cr emitter fllawer- and eomm-base, 26 show i 
i, 28 


=¢ ont 
(a) Conmonaniier ——_()Conen clon 
ops 


(e) common base 


Figure 28 


12.7 Bipolar transistor characteristics 


‘The characterises of «bipolar junction transistor ae 
ally presented inthe form of sto graphs eating 
‘ollage and caret prsea atthe uansistrs terminals 
Fig. 29 shows atypical input characters (pat 
ted against Vag) fran pa hipolar junction wanton 
‘penting ia common-emiter ode, Hn this ode, the 
‘put cure is plied to the base at he output eur 
ret appeas ia the collector (the emer is effectively 
‘mania to both the input and output ict as shown 
nF. 128). 

"The input characteristic sows that very ite ase 
cute flowsunithe base-niter volige Vag exceeds 
DV. Three, the hase cuseat erases rapidly — 
this characteristic beats close resemblance to the 
orwatd prt ofthe characterise fra siiean Wade 


ss oF Gu) 


ase eit oie Ya (¥) 


Figure 12.10showsatpical set of output (collector) 
characterises (le plowed agian Vex) for an nn 
‘pla transistor Each curve corresponds to adifferet 
‘vale ofase cute Noethe ne” inthe characteris 
ticbelow Vee =2 Also note hat the curves are uit 
‘a, For thisteason (Le sincethecolletor eure does 
‘ot change very eich ae the collecto-emite ylage 
anges) We olen ffer this asa constant current 
sharactriste. 

Figwe 121 shows atypical transfer characterise 
foraua-p- bipolar junconteansste Here espe 
spans Jy fora smal signal general-purpose asin, 
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‘ince cot fs) 


amore 


ctr ag 


Figure 1210 


cr carr (A) 


Base eat) 


‘The slope of thiseuve (i the aio of fe 10 Fa} isthe 
‘commoner cute gain ofthe wansstor whichis 
‘explored futher in Section 129, 

‘A cei tht can be wed for obtaining the commen 
miter charactristis of an wp-a BIT is shown ia 
Fig 12.12. For the input characteristic, VR iy stat 
4 particular alue and the comesponing les of Va 
na fe noted This repeated Toe sis settings 
‘PVR and pling the vals give the typical input 
‘racers of Fig. 129, 


Yee via 


tt 


Figure 


For the output characteristics, VI is vate so tht 
4p is say. 20). Then VRZ io se at various values 
an comesponding values of Veg and Je are noted, 
‘The graph of Vegde then plated for Jy = 20K, 
“This i repeated for, 54%, fy =A0HAA. fy =6OHA, 
ad wo on. Poting the values gives the typical ouipat 
‘haracteristcs of Fig 12.10, 


12.8 Transist 


parameters 
“The transistor characteratcs met inthe previo section 
‘povideus wih some sel information hat ca elp us 
{omodel the behaviour fa traitor In particule the 
toe characteristic paps can be wed to determine the 
following parameters for operation in consnon-emiter 
made! 


Input resistance (frum the Input 
‘harateristie, Fig. 129) 


State (or de) Input resistance = YM 
Te 
(Geom coresponding points onthe gap) 
‘Vee 


Dynamic or 1.) Input resistance 


(rom he slope of the geaph) 
(Note that A Varmeans‘changeof Vand Ae means 
“hangs of Ja’) 

Output resistance (from the vutput 
sduracteriste, Fig 1210) 


Static (ard) output resistance = YE 


Te 
(trun sosesponing pints on the graph) 
Vee 


‘Dynamic (or a.) output resistance 


ale 
(ro he slope ofthe graph) 


(Nove that AVegmeans ‘change of Veg atl Ae means 
“change of fe") 
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‘Current gain (frm the transfer 
sharacteristc, Fg. 1210) 
te 
Stale ford) caren gan = 7 
vom coresponding points onthe aap) 
Ale 
ae 
(from he slope ofthe graph) 


(we a.) current al 


(Note thar A means “change of Fe" and Ay sens 


‘The metho for determining thes paraneters fr the 
relevant charcteise is lust in the following 
orkid problems, 


Problumt Figure 12.13 shows the input 
racers fran npn silicon eansistor. When 
‘he base-emitter lage i 0.68 V, determine (a) the 
‘value of base current, (b the stati ale of input 


esstance and (the dye value of input, 


(©) From Fig 12.13, Vag changes by 0.06V when fa 


changes by 300) (a showy (onthe graph 
Hence, 
<dynanle value of input resistance 


Probes Figure 12.14 shows the outpat 
facteistc Foran wpa silicoa wansst When 
‘he collector voltage is 10V and the hase 
fren is OA, determine (a) the vale of elector 
ure, (b) the tbe value of ouput sistance, 
sau) the dynamic vale of output resistance, 


Ss | 
i. ] fee 
al eee te es 
eee 
: 9 Ps oes 
pe 
Me ciadeileas 
‘Figure 12.15 Ma eae 


(a) From Fig, 1213, when Var 
ent, y = 250A (show a (a) on the graph) 


(©) When Ve =065V. fy =250)A, ence, the 
‘Satie value of input resistance 
Vee 0.85 


26Ke 


Ty BOT 


() When he change in Ver is 12V. the change ia Fe 
1K (shown as pia (co the wap) 


Hence, 
the dynam value f output resistance 
Ave 
“Ble = Tanto = TP 
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Probl. Figute1215 shows the wansfor 
huracterste fran n-p-n silicon ansistor. When 
‘he base cuent 2.5m. determin (a the value 
of collector cutent(b) the atic value of eurreat 
sin, and) the dynam ylue of erent gun. 


a 
: is 
i 
. 
Bay ane 
: ‘Basse cure, fy (rm) Le 
fant 


(a) From Fig. 1218, when fy =: 
current, c= 280A (se point (ab) a the 
sap) 


(©) From pac (a, when 
hence 
the stale valu of current gain 


(6) In Fig, 1215, the tangent tough the pot, 8) 
‘shown bythe Ikea suaght ine () 


12.9. Current g) 


As stated eal, the common-eiter cuenta is 
‘iveabythertioofcolleetor cea, etohasecuzent, 
dy. We use the sys hy 1 repeseat te static value 
‘efcommon-emitercuent gin hs 


Sil we use et epeset the dynam valu of 
‘somite emer cumen gai, thus 


[AS we showed eae, values of fr and ie ean be 
‘obtained from the transfer characteristic (Ie pled 
agaist f)- Not tht hi oun from conrespond 
Stati values whey i found by measuring the slope 
ofthe graph Also wot that ifthe wane characters 
Js linear there litle i any) ference between hy, 
ad i 

1S womth noting that cuzeat gaia (ye) ates 
‘with cllestor cures. Fa most xal-ignal tans 
tors, he Is maximum ata collector current in the 
‘ange mA and 1A. Curent gin als falls very 
Tow ales for power tanner when operating at ery 
high Values of collector euren. Furthermore oat a- 
Sno parameters (puticlaly common-eiter eaten 
‘si, ) ane Liable to wide vvation fom one device 
{othe next, Irs therefor, imporant odesgn circle 
the asis ofthe minim Value foe Ie in onde 
ensue succesful operation with variety of diferent 
‘vies, 


Problem 6 bipolarwansste has a 
comen-mitercuvest gun of 125. 1the 
‘easistr operates wih caller euren of 
SOmA, dtemine the value of base cuent 


Comon-eier current gin, he 


‘hom which, base curent, 


‘able 122 summarises the characteristics of some 
typical bipolar junction trnsintors for different app 
cation, where fe max isthe maximum collector cu 
‘eat Vez max sthemaximan collec emitter voltage. 
Prom max isthe maximum device power disipaton. 
anesthe typical vale of eommon-eminercateat 
in, 


asia 


165 


“Tbe 122 Transistor characteristics and maxis ttings 


INWSS pan 


Probl 7. Which ofthe bipolar transistors 
listed in Tle 122 weuld be mos suitable fo each 
ofthe fllowing aplication: (a the input stage 
‘fara ceiver (the ouput stage ofan audio 
mpl. an () generating a SV square wave 
pale. 


(a) BE, since this traitor is designed for we in 
rad frequency (RF) applications 


(0) 2NSOS5 since hiss the only device in the is that 
an opette sulin high power level 


(eo) 2N3904, since swatting wansises are designed 
Torus in pulse and square wave spplicaions 


[Now try the followingexecse 


Exercse65 Further problems on bipolar 
Jjunetion transistors 


1. Explain, with the aid of sketches, the oper 
aon of an pa tasistor and also explain 
why the calletor curent ivy nearly equal 
tothe emine cumen, 


- 


Describe the hase principle of opeition of 
bipolar junction tansistr including why 
naj camer xsi into the base rom 


{General purpose small-signal 


anpliier 


‘the eminer pas tothe eolletr and why the 
calletor cuentas unaffected by the 
‘allot potenti. 


‘Explain what is meat by “leakage cunt 
{na bipolar junction vansstr and why this 
an ustlly be ignore, 


Foratansitor connected in conimon-eiter 
‘configuration, ste dhe typical ouput chase 
cess eating collector cute and the 
callector-emiter Vola, fo ysis Valet 
ff hase current, Explain the shape of the 
hacer, 


‘latch the typical ipo eharaceristie rela 
ing awe cutentand the basen voliage 
{ors tranastr coneted in conti eniter 


‘confguration and explain its shape. 


With the aid of a cicuit diagram, explain 
‘how the input and output characterise of 
‘common-eniter trp tutsisior may be 
produce. 


Define the ten ‘cure gua" foe bipo- 
Jar junction tsistr operating in common 
miter mode. 


A bipolar junction tani operates with 
‘colletarcutet of 2A and abuse cutent 
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fof SOmA. What will the value of eminer 
‘ten be? 11254) 


9, Whatisthe ylueofcommon-emiter cure 
san forthe uansintorin peobera 8? [24] 


10 Coresponing readings of ase cunen, fy, 
sau base-emiter voltage, Vag fot bipo- 
lar junction wansstoe ae git inthe able 


Plt the y/ Ve characteristic or the device 

sad se It to determine (a) the value of 

Ty when Vpge= 045, (b) the static value 

of iat resistane when Vag = O68 V. and 

(6) the dynamic value of input esistnce 
yen Vag = 065. 

Tia) 32.5) (b) 2040 6) 340) 

1, Comesponding readings of base cute, 


Jy and collecior current, Ze. for 4 ipo 
lar june 


Plot the f/ In characterise forthe device 
and use it determiae the state value 
‘Of sonintn-eiter “cuenta when 
Ia =45,A 19s 


12.11 Field effect transistors 


Field effect transistors are availabe in two baie form 
junction gate and insulated gate The gate-source june- 
‘ion ofa Juneton gate tld effect transistor FET) 
is elective a revese-ised pa junction. The gate 
‘connection of at insulated gate ld effect trass- 
tor (IGFET), on the otber hand is insulted rom the 
‘hue and charge i capacively coupled the cha 

el. T kep things simple. we wil consider only JPET. 
‘evies. Figuse 12.16 shows the bie consction of 
sn w-channel JFET, 

SFET wansstors comprise a chanel of paype of 
saype miter wurounded by material ofthe opposite 
pola). The ets ofthe channel (in which cond 
ton tkes place} fom elecudes know 3s the sour: 


Figure 1216 


au ean. The effective wat ofthe chanel Gia which 
Conduction takes place) is eoatoled by 3 char 
plce a the hid gate) electode, The effective ene 
{ance between the ource and drain sts determine by 
‘he vollage presentatthe gate, (The-+signsin Fi. 12.16 
‘is we to dicate a region of ayy doping thus x 
‘Simpl indicates heal doped waype region) 

SFETs offer ery auch higher input resistance 
‘when compared with bipolar anvisiors, For example, 
the input resiunce of bipolar uansistor operating 
in commotremiter made i usally around’ 2.5K, 
‘A JPET wansstor operating ia equivalent common 
Source mode would typically exhibitan input resistance 
‘of HOON! This fete takes JFET devices eal for 
‘sein applications whete avery high input esistance 
esrb, 

‘AS with bipolar wansisios, the characteristics of a 
[FET ae often presente inthe form af a et of saps 
‘elating voltage and custent present at the wanton, 
temas 


jeld effect 
characteristics 


nsistor 


A typical mutual characteristic (ly pled against 
Vs) Tors small-signal general-purpose n-chanel ed 
effet uansistor operating in common-source mode is 
‘Shown in Fig, 1217. This characteristic shows thar the 
Arua cunt isropressivly reduce asthe gate-source 
voltages made more negative. ALacenain value of Vs 
the dain curet falls o erm andthe device i i 0 
teostafl 

Figure 12.18 shows apical family of ouput har. 
acteristics Un pote against Vas) fora small-signal, 
‘ener pupoeen-chael FET operating in comin 
source mode. This characteristic comprises fan of 
ures ach elating toa diferent value of gate-source 
‘Voltige Voy You might also Like wo compare this char 
eich he utp characte fora teas 
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igor 27 


‘ran curent gtA) 


Drainaouce ota aa) 


Pigere 28 


‘operating in common-emiter mode that you met euler, 
in Fig 12.10, 

‘AS inthe case ofthe bipolar junction wan, the 
‘output characteristic eurves for an n-channel FET have 
2 “kee that occurs at Low ves of Vos. Also, note 
thw the curves become latened above this vale with 
te drain current fp notchangng very signal fora 
comparatively lange changein dain source voltage Vos 
"These characteristics ae, in fat, eyen Maer than those 
{or abipolr aniston Became of hens they are 
‘flea sido ropesnt a constant cutet characteristic 

‘Thegais offered by afeelfettasistorsnornaly 
exqussed i fens of is forward tanseunductanee 


(oF Yo.) la common source made In this mode, the 
‘nut vliagets ape te gate and the opt cares 
pens ithe den (the source is etiesvely eon 
{both the input and ouput cael), 
eommow source mode, the stati de forward 
transfer condactance is gives by 
ty 
fey 
(Gon comesponding pints on the pap) 


whilst the dynamie (or a.) forward transfer eon- 
ducance is given by: 


Al 
"Tes 


(Grom the slope of the graph) 


(Note that Ay means change of Fad Vis means 
‘change of Vox’) 

‘The method fr deteining these parameters om 
the relevant characteristic isis a worked prob 
Jem ¥ below. 

Forward user conductance (,) vais with dain 
‘ure Farms small-signal vies, is quoted for 
‘als of dean cument between Yen and 101A. Mot 
FFET parmetet (parcully forward wansfer cone 
tance) ae lable to wide variation from one device 0 
the next Is, thetetoe, importa to designees 
fon the bass of the mum value for guia one 
to ensue sucessful operation with a vatety of aif 
eat devices, The experimental cre for obtaining the 
commenaource charaenses of an s-changel IFET 
tanita shown in Fig, 12.1, 


Probes Figure 1220 shows the mutual 
acteristic fora junction gue el fest 
‘ean When the gate-source vollage i —2 $V, 
etre (a) the vale of dein eure (b) the 
Aynanicvaluc of forward wansconductanee. 
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an 

nt 

ani! 

ane 
Seer 


(2) From Fig, 1220, when Ves: 
current, jy =SmA. 


(©) Bom Fig. 12.20 


Alp _as—25)10 
‘Ves "35 


‘the dynam vale af forward transconduc- 


10 eg 
(note the unit semens 5) 


Probl 9. A ld eect iraasistr operates with 
dia curen of 100m and a gate source bias of 
T1W.the device has sy, vale of 0.25. 1the bis 
‘voliage decreases to 11, determine a) he 
‘huoge in dain current and (the new value of 
‘ran cure. 


(4) Thechang in gate-source volage (Vas) 80.1 
saa he resulting change ia dai eaten can be 
‘eerie fro 


Aly 
boars 

‘Hee. the change n drain curren 
Aln= 54% AVos 


25x01 
025A=—25mA 
(b) “The new value of drain cureent = (100-25) 


= 75m 


12.13 Typical FET characteristics and 
maximum ratings 


“able 123 sures the characteristic of same typ 
‘eal ld effect tanssors for diferent appictions, 
‘where Zaman isthe maximum drain cuter. Vas mk 
inthe maximum drait-souce voltage, yma is the 
‘maximum dria power dissipation. and go typ is the 
typical vale of forward wanscenductaee for theta 
"Shoe, The ist aludes bth depletion and enact 
‘ypes as wellas junction an unsalted pte type 


Problem 10. Which ofthe fli effect wansitors 
listed in Table 123 would be most suitable or each 
ofthe following aplcations: (athe input stage of 
radio reciver (bth ouput stage ofa uansiter, 
Sa (6 switching aload connected high-voltage 
sup 


(a) BF244A, since this ransstor is designed for use 
indie fequeney (RF) applications 

(©) MRFY7LA, since this device is designs for RF 
ower applications 

(6) RPS, sinc this devices intended for switching 
applications and can operate at upto S00V 


12.14 Transistor amplifiers 


“Thee base evel arrangements ae used fr tasitor 
smpliersand these arebasonthettucecicitconi 
“rations that wemeteatier (ce. the depend upon Which 
‘one of he these transistor connections iemadecoamen, 
‘tooth the input andthe output) In the as of ial 
‘ansistors, the contigwations are kiown as common 
‘miter, common collet (or emiter follower) and 
‘eummon base 

‘Where fll effect transistors se used, the cone 
sponding contiguttions ae common soure, common 
dain or sours follower and common gate 

These base ciscuit configurations depicted. ia 
Fige 1221 and 1222 exhibit quite diferen perfor 
‘mance earacersic, a shown Tables [2.4 and 125, 


especie. 
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2NSIS7 —acchan.—10mA SV 310mW 12 mS General purpose 
BRAGA —nchan, 100A SOV 360mW 33m RE amplier 


tae ct nine 


Figure 12.21 


Section 1 
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‘Bipolar ranltor amples (se Figure 12.21) 


Commun base 


Table 2.4 Characteristics of BIT amplifies 
Parameter Common emitter 
‘otge gain medium igh (40) 
Curent gain high 200) 

Power gain ‘ery high 000) 

laput resistance median (2S) 

Ouputrsisance — meliumhigh (2040) 

Phase site 0° 

‘Typical applications General purpose, AF and 
RF amples 


Tle 125 Characteristics of FET ampliton 


unity) ‘igh (200) 
igh 200) nity 

‘high 200) ‘igh (200) 

high 00KD) tow 2009) 

tow (1009) ‘igh (100%) 

0 0 

Impedance matching, input RF and VHF ampliiess 
an ouput tages 


Field effec transistor amplifies sce Figure 12.22), 


Parameter Common sauce 
Vonage in -nedumigh 40) 
Cure gain ery high at0.000) 
Power gin ‘ery high 00000), 
Input sistance very high(1MQ) 
upurressance — medumihigh S082) 
Phe sie 180" 
“ypc aplcnions General pipe, AFand 
Rapier, 


A reyuiemeat of most amplirs i thatthe output 
signal shouldbe faithful copy of th input signal or be 
Somewhat lager in amplitude. Other types of aspiter 
‘ae ‘nos-linear in which case thei igput and Output 
Seaver will ot acess be sii Ia pect 
‘he dees of linearity povided bya amplifier can be 
affected by a numberof factors including the arnt 
‘bias applied and the ampli ofthe inp sig. It 
isalso worth noting haa lise ample wil conse 
oo-linear when the applied input signal exceeds a 
‘yesbol valu, Beyond this value the apie i si 
tobeovenven and he up wll eee inresinghy 
sorted ifthe input signal i une increased, 

‘The opium value of bias for lear (Class A) 
ampliers is that value which ensues atthe active 


‘Common drain Comnan gate 
or) ‘high 2501, 

sry igh 200000) unity (1 

‘very high 200000) gh 250) 

very high (1M) ow (S002) 

tow 2002) ‘hgh (15042) 

o © 

Imnpedance matching stages RF and VHF ampliton, 


devices ae operated tthe mid-point theircharacter- 
‘ssn practice, this mens thata state value of eollee- 
Aorcurrent wil fw even whea there sno signalpeset. 
Furthennore, the collects cute wil ow theougbeat 
the complete eyle of an loput signal (conduction 
wiltake place overanangleat 360"). Ato agesbout 
‘crasitr he saturated (Veg ~0V o Vg =0V nor 
should he eutoll (Vee = Vee 0 Vs~ Vn 

1h oder to ensure that a static value of collector 
uments ia a tai, a stall cument aust be 
applied to the hase of the wansisto, This eurent eas 
1 derive fom the sume voliage tail that supplies the 
collect eat (via the enlletae Ina) Figure 12.23, 
‘Shows 4 simple Class-A commomeniter eveai in 
Which the base bias rsstur, Rt, and collector load 
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resltor, R2, a connected 10 a common positive 
spy a 


ensues thatthe collector voltae can swing both pos 
ively above) and negatively (blow) ie quiscen, 
value (Yeu 


‘rie Gas Air 


Figaro 1228 


‘The ae, signal is applied tw the base terminal of he 
‘wansistor via a coupling capacitor, CI, This capacitor 
removes the de, eompneat of an) signal applied wo the 
Input ternal and ensues thatthe hase bis ue 
‘livre by Rt is uted by any device enonectod 
to the input. C2 couples the signal cut of the stage and 
also prevents de. euent ow appeating a the output 
terminals, 


2 


5 Load li 


‘The ae. performance ofa transistor ampli stage can 
‘bepudicedusing «oad Une superanosed onthe ele 
‘ante of ouputcharactenstes. Far atypolar transit 
‘perting inconmon miter mode the equ chara 
teisles ate fe ploted agaist Ver. One endo the oad 
Hine orespons to he supply voltae Vee) while the 
‘other en camespouds tthe value of elle o dra 
‘Suen tht would ow withthe device totaly saturated 
(Wee = OV la his condition: 


whore RL is the value of collector or drain loud 
Figure 12.4 shows loadline superposed on set 
of output characteristics fora bipolar wanssior oper 
sting ia commonremiter made, The quletentpoiat 
{er operating point is the pint on te Toad ine that 
‘comesponds tothe conditions that exis when o-sgnal, 
Isappledio he stage taFig. 1224 thease iascurent 
Is set at 20) so tha the qleseent pola eiecsvely 
‘roughly alfvay along the La ine. This postion 


Viger 12.24 


‘The effet of superimposing an allemating hase 
urea (of 20)1A peakpeak) tthe Le bias cue 
(Gf 20,1) can be deatly seen The comresponting 
collector eureat signal ean be determined by simply 
‘moving up and down the lod ie 


Problem 11, "The characteristic curves shown 
‘nig, 12.25 relate toa ansistr operating in 

commenter mode the usar is operated 
With Fn = 30]A, aloud resistor of | 2k0 ad an 
1S supply. determine (a) the qulsceat values of 
collector voltage and cuter (Veq ad eg), and 
(the peak-peaoupuvotage tha would be 

produced by an input signal of 40, peakpeak 


f 

pa 
hie 

cay 


Figure 1225 
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G@) Fist we need to const the load line on 
Fig, 1225, The to cads ofthe loa ine wil oe 
sespond to Vee the 18 supply on the collet 
te Volage axis and 18/1 2K0.o¢ ISA 00 
the collector caren xi 
[Neat we leat the operating polat (or qules- 
cent polnt fom the point of intersection Of the 
y= S0}A characteristic and the load ine. Hay 
ing located the operating poiat we ean read off 
the quiescent values, the n-rgnal ales, of 
colletor-emiter Voltage (Vog) and collector cu 
‘ent eg) Hence, Veg=92V atl Jeg=7.3A, 


(0) Nest we can determine the maximum and nii- 
‘run yale of collector-emiter oliage by Ioet- 
ing the approeiat intercept points on Fig. 12.25 
‘Note thatthe maimuns and miiguum values of 
base cute willbe (30)1A+20).A) = SOKA on 
postive peaksofthesignaland (304A —20)1A) = 
104A on nepaive peaks ofthe signal The ma 
‘rum and suaimu vluesof Vee ae expectivly, 
TMBV and 3.3V. Hence, 


‘the output voltage swing = (14.8V —33V) 
1.5 peak-peak 


Profiler 12, An npr tranitor has the 
following characteristics, which may be assumed to 
‘be lincar betveen the values fellectr voltage 
se 


‘The wansstoris used as common emiter 
ample wit oad resistor Rt = 12K and a 
Collector supply of 7V. The signal input eistance 
{1K If a input current of 20)A peak vais 
‘Siusoialy about maa bak of SO}A, estimate 
(a) the quiescent value of clletor voltage and 
‘Suen (hth ouput voltage swing () the vollage 
ai, (the dynamic cures gui, and e) he 
power gain 


“The carats se drawn as shown in Fig 1 


ina) 
pepe) 3A 
a CT 
she 
Figure 1226 


‘Taetwoends ofthe lad line will orespondo Vee 
the 7 supply on the collector enter voltage axis and 
7W/1.2kst= 543A on the collector cutet ass, 


(ay The operating point (or quisscear pian X, 
Is Toca fom the point of intersection of 
the Jy =S0WA characterise and the load lias, 
Having lorsted the operating pot we ean ead 
‘ff the qulescent values, ie. the n-sigaal va 
us, fclleet miter voltage (Veg) and eae: 
treat (leo) Heave, Veg=A1V an eq 
33m 


(0) "The mac and inion values of ealletn 
ceminervoliage may be deeined by locating 
theapproprat atte pointson Fig. 1226. Note 
thatthe maximum and tinimum values of ase 
‘rent yi be (30 A+ 20,,A)~ 70.8 on pos 
lie peas ofthe signal and (50}4A~20).A) = 
0A on negative peas of the signal, The mau 
ty ard nin valueof Vx ate. espectively, 
49Vand 1AV, Hence, 


aoVv—1ayy 
SV peakpeak 
ange in collect vl 


the output voltage sing 


(6) Notiage gain = “Saag in ase valage 
‘The change in collecne votage=3.8V om 
past) 


‘The nput voltage swing seven by. 


0-30) 
2, 


whore ys the base cure swing 
0} and isthe input essance 


asia 


mB 


Input voltae swing = AD 10-1 10" 
‘Onv 


ange in base voliage. 


pins . ctr vl 
cthnge in collector voltage 
‘voltage gala = — ge in base voags 
AVe_ 35 
‘Bye ~ Wooo “07S 
Ale 
(8) Bynes gain e= SIE 


From Figure 12.26, the output cuent sing, Le. 
the change in collector cureat, Ale 30mA 
pak 1p peak The iapat hase cueeatswing the 
ange is ase eure, Aly =A A. 


Hence, the dynam current gain, 


Ale 3051079 _ 
Txt = 


d= 18 


For aressive lad, the power gains given by 
power gan = voltage pain «cutent gia 
(15x 75 = 6560.5 


[Now try the following exercises 


Exercise 66 Further problems on 
twansistors 


1. State whether the following sutementsarete 

oo alse! 

(4) The purpose of « wanistor amplifier is 
to increase the frequency of the input 
signal. 

(©) The gain fan ample ihe eatiout he 
outpitsignal amplitude othe input signal 
splice. 

(6) The output characterises of a tansis= 
tor elt he collector curtentw the base 

(a) Lethe fod resistor value is increased the 
load line gradient is reduced 

(6) In a common-emiter ampli, the out 
‘ut voltage sified tough 180 with 
{efetence tthe input voltage. 

(8, Ina common-eminer amples, the input 
au ouput euents ar ia phase 


(g) Tre dynanic cumont gain of tanita 
allways eater than thestaiccutet gain. 
[a false (b) te (false (2) ve 
(eh rue (nue (4) ue) 
1 tclation 1 a simple tnsistor ample 
‘Sage. expsin what is meant by the tems 
(a) Clas (h) saturation (ceut-oft 
{quiescent pin 
Sketch the ctcuit of simple Clue A BIT 
amplifier and explain the faaction of the 
‘components, 
plain, wih the aid of a labelled sketch, 
how aloud line che used to determine the 
‘operating pint ofa simple Class-A rnsistor 
ampli. 


Sketch ciscuite showing how a JFET can 
be connocted an amplifier in (2) com 
mn source configuration (b) commun dain 
‘configuration () oman gate configuration, 
Sta ypical values of vollage sain and input 
resistance foreach cic 


‘The quputcharacteties fora BJT are shows 
in Fig 1227. IF this device i used in 4 
‘common-emiter amplifier cieuit operating 
fiom 12 supply wit a base bias of 0A 
and a lad sesisor of LEE, determine (a) the 
‘ietceat vale of collector ylage 
fd collector cues, and (b) the peakpeak 
collec voltage when an SOWA peak peak 
‘Sonal current ie aplied. 

Ha) SV, 7m (8) RSV 


em 


igare 227 


"The ouput characteristics ofaJFET are shown 
in Fig, 1228, I this device is wed in an 
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amplifier cicuit operating trom an 18 sup- 
Py withagate-surecbiasyoltageot—3 Vand 
2 load resistance of 9008, determine (a the 
Suiscen valucs of dein source voltage ad 
dein cuseat,(b) the peakpeak output yt- 
‘age when an input yllage of 2V peakpeak 
‘plied, and () the voltage pain oF the sage 
la) 122V,6.1mA 0b) 55 295] 


Figure 12.28 


A, Anatoplierhasacurengan of Nana yot- 
‘age gan of 30, Determine the pone gai, 
11200) 


9, The output churceisties of a transistor in 
commonremiter mode congurtion can be 
regarded a stzaight lacs counting the fol- 
lowing points 


Je(mA) 12 14 34 42 G1 81 


Plot the cursctersice and_superinpose 
the lad line fr 8 1K0 Toad, given thal the 
supply voliage is OV and the de hase bis 
{S0).A.Thesigna ioputresistance 5002. 
‘When a pes input curent of 30,A aves 
Snusoidally about a mean as af SOWA, 
leerine (a) the yiescent values of elle 
te voltage and cumtent, Ve an Zo, (8) he 
umpc volage swing.) the vllage gai, 
[dhe djnamniccuren zai. and(eythe power 
sain 
[a) 523.7 mA ()S.1V (6) 106 
(87 (0) 92} 


Exercise 6? Shy 


1 


10. 


4 


‘tanswerquestions on 
transstors 


Ima pap tansisor the prype material 
regiogs we elle the and = aad 
‘the a-type material ego scaled the 


In an mp trans, the p-type material 
region i elle the... and the nly 
‘matvial eons aeclled he... and the 


lnapen-ptansstoythebasc-emiter junction 
is. biased and the base collect junction 
ia lad 


nana-p-atansisoy the base collector june: 
Hon isn. biased and the base-emiter 
junction. Based 


Majority charge cases ia the emiter of a 
tuaistr pas int the base region, Most of 
them do aot recombine because the Base 
a doped 

Major cates inthe emiter region of 
4 mansistor pas the hase-clletrjanction 
recat foe thet cir.» bised 


CComeationalcutent fois inthe dieetion 
On low 


Leakage cunent Bows rom 18 nei 
an e-pn uansistor 


“The input characteristic off agaist Ve for 
{transsor in common-emiterconigusion 
issimilarin shape to that of « 


From a tansistor inp characteristic, 


stati input sesitance = 2 and 


yaa ioput resistance — 


oom a tansister ouput characterise, 


stati utp resistance 


“dynamic ompetessiance = 


From a tansitor waster characterise, 
static cument gun = “and dynamic 


ument gain = = 


anitors 175 


1 Complete the following statements that fer 

ta transistor ampli: 

(2) An increase in base cute causes col 
Isctreurent 

(©) When base current increases, 
op scone he lad eit. 

(6) Under no-sgnal conditions the power 
supplied by the baer to an amplifier 
‘al the power dissipated inthe load 
pls the power dissipated inthe 

(a) The lad ine bas. gradient 

(6) The gradient of the load line depends 
upon the value of 

(8, The position of the Toad ine depends 
pen! 

(g) The cureat gain of a common-emiter 
ampli s always geae than 

(t) The opening point is genelly post 
tioned atthe =, afte load line 


re volage 


1M. Eeplain, wih diag, the coastrution of 
4 junction gate eld effect waste. State 
the advange of a JPET over bipolar 

1S. Stole pial mutual and output characte 
[sth fora sal signal general-purpose FET. 
‘erating a comon source mde 

16 Name and sketch thee posible circuit 
munigement sed for trnastor ampliers 

17. Name and sketch thee posible circuit 
amungements used foe FETS 

1. Deaw a veut diagram showing how a wan 
sisior can he wed os a common emitter 
mplifie. Expain biety the purpose of ll 
‘he components you show in your diagram 


19, Explain baw a load tne xsd a pedi 
performance of tabs amplifier 


20, What isthe quiescent pint on a oad line? 


Exercise 68 Mult-choice problemson 
tranistors 


‘Answers on page 420) 
{in Prblems 11 10 select the comer answer fom 
those given 


‘normal operation the junction of apap 

(a) both forward biased 

() base-emitter forward biased and base- 
caller ever biased 

(6) both severe Biased 

(base collector forward biased and base- 
ite revere iad 

‘normal operation, the junctions ofan 

(a) both forward biased 

() base-emitter forward biased and base- 
caller revere biased 

(6) both severe biased 

(2) base-collctr forward biased and base 
mer reverse biased 


‘The current How across the base-mier 

Junction of pep transistor 

(a) mainly electrons 

4b} equa aumbers of bles and electrons 

(e) masa holes 

(0) the eakagecurent 

‘The current flow acose the hase-emiter 

junction ofan apa transistor consist of 

(a) mainly electrons 

4} equal aumbers of bles and eleetroas 

{e) mainly holes 

(0) the eakagecurent 

In oral opeition an a-p- ansstorcon- 

‘eced in common-base configuration tas 

(a) the eter at lower potential han the 
base 

the cllecior a lower peal than 

the hse 

(6) the base ata lower potential dan the 

fhe cllecior at «lower peal than 

the emit 


cr) 


1 normal operation, apap tansisoe con 

‘eced in conunon base configuration bas 

(a) the emer at lower potential han the 
tae 


() the collector at higher potential han 


the ise 

(6) the ase at higher potential than the 

(4) the collector at a lower potential than 
the miner 
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ube per uit val of elecons which leave 

the eter and pas to the collector i 0.9 ia 

an arp tanasor ad the miter sent 

‘ima. then 

(2) thebasecurentisapproximacly 44mA 

(©) the collector cutem i appeosimaly 
36mA 

{) the collector cuten i approximately 
44a, 

@ thebasecuren 


‘The base segion ofa pap tanto is 

(4) very thin and heavily doped with holes 

() very thin and Heavily doped with 
‘decane 


(e) sory thin and ety doped wih holes 
(2) ery thin and igily doped with 
‘dectons 


approximately 3.6m 


‘The vollage drop scross the base-emiter 
junction of peop silicon tanita in 
‘oma operation ir about 

G) 200m 0) 6OHIAY (6) 210 

@ 4av 


Foraparpteanisor, 

(a) te number of majority carers cos 
ing the base-emiter junction largely 
depends the cllactr voltage 

(@) in common-tose configuration, the 
calleetoe cute is peopaminal i the 
‘collector base voltage 

(©) in common-emiter coniguration, the 
se cuerent is fesethan the base creat 

in common-base configuration 

the collector urea How is independent 

fof the miter curent fw for 2 given 

Value of clleorbase vltage 


« 


1s questions 11 to 15, which refer tothe 
smplifer shown in Fig. 1220, select the 
tet anewer fom those give. 


Figure 13.29 


1 show cic 
(2) the ampli signal output would fll 19 
(@) the colzctorcueem would alo 2x0 
(6) the transistor would overoad 


12, 1 open-cicuted: 
(a) the ampli signal ouput would all to 
(©) theopeating point would beatfectd and 

the signal woud ditt 


(0) the input signal Would ot be applied to 
the be 


13. Avolimeter comnsted across Ae ead 290, 
‘Mot probably 
(4) the tansistoebase-emitr junction as 
shoe-iscited 
(0) has opencnciet 
(e) Kshs shotcauited 


1H. Avoltmeter comected across Ry reals 27, 
Most probably 
(2) the Vee supply batery is at 
() the hase caller junction a the wan 
torhas wane open veut 
(6) has open cacao 


1S. Ife shor-sirewted: 
(4) the load tse wou be watfected 
() the load Line woud be affected 


In questions 16 to 20, which refer 10 the out 
pt characteristics shawn ia Fi, 12.0, select the 
foret answer fea thas given 


a 
. sous 

‘| on 
| wah 


igure 1230 
16. ‘The oad tne represents load esistr of 


G@) tka) 2k 
© 3k2 (d) 05k. 


Tansstos 177 


17. The no-igna collector disipaton forthe 
operating point marked P is 
() LaW (by 15a 
(2 LemW (@) 2h 


le peak input current 


fa) 20nA, 
(0) OHA 


() 38H 
(a) 80K 


w. 


‘The gwoatest possible peak output voltage 
would then be about 

f S2V() 6sV 

© 8V @) BV 

"The power dissipated inthe loudesistoeunder 
‘orsign conditions 

(a) I6mW @) IsmW 

(© mW) Baw 


"Thsrovsintest covers the material contained in Chapters to 12. The mars foreach question ae shown in brackets 


atthe end ofeach question. 
1A conducts, 25com lng is situated at 


‘magnetic felis current of 12 she condactoe 
Produces a fons ont af 4 SN, 6) 
2 An election ia television tbe bas a charge of 
1.85 10"! Candteavelsa 3 10 m/s perpendic- 
arta fed of tux density 20). Calculate the 
foyce exe onthe elec ithe eld. (3) 
3. Aone is tveling at 10Oavh. Assuming the 
‘etc component of the earth's magnetic Red 
{al)eT andthe hack axle of the lot ie L 98m, 
find the emf generated in the axle due 10 
‘mation. a 
‘An eanf, of 2 SKY i induced in a coil when & 
fatea of 2A collapses o 2 in Sms, Calculate 
‘he inductance ofthe cil ® 
5S. Twocolls Pad Q, havea usual inductance of 
an. tf cue of $i coil P is eversd in 
20m, deersine (a) the average ean induce is 
ail Qand () the flux change Linked with ail @ 
‘itis wound with 200 ts 6) 
6. Armoving col instrument gives Ld. when the 
furteat i SOMA and has a wesisance of 4002 
Determine the Value of resistance sequted 10 
saab the instrument 1 be used (a) aa 0-5 
ameter and (basa 0-200 voltmeter Stat the 


‘mode of conection in each exe 8) 
‘An amplifier haa gain of 2048. snp powers 
Si. Calelate its ouput power 6) 


K. A sinusoidal voage ace displayed ow an aseil- 
loscope is shown ia Fig. RTS.L; the “tinelom’ 
south i on SOs and the “vlisfen” switch is 
(ay 2Vjem, Determine forthe waveform (a) the 
fHequency (b) the peak-to-peak voltage (e) the 
plu (0) the an, value. 0 

9, With reference to po junction, bit explain 
the following tems: (majority caries () con 
!uetpoenal(} depletion Laer (d) frward bias 
(ehrevene bias (0) 

1 Britly desebe each of the following, desing 
thei cinait dagram symbol and stating typical 
applications: a) zenor die () silicon eoatelled 
‘evi (clghtemiting diode (varctr diode 
(6) Schothy diode 0) 


un, 


rN 


‘The following values were obtained ding an 
expetinent on a varacr diode, 


Votage,¥ 0 15 20 


Capacitance, pF 42-24 18 12 8 
‘Poca graph showing the vasiation of capacitance 
wth ollage for the yaactr, Lael your ates 
Sealy and wse your graph 0 determine (a) the 
fapactance when the reverse voltage is 175, 
(tthe reverse vollage fora capacitance of 35 pF, 


and) the change incapacitance when the voltage 
thanges fom —25V to —225V. «6 


sity describe, wih diagrams, the setion of an 
pntanistor, o 


‘The output characteristics of 9 commen emir 
transistor amplifier ae given below. Assume that 
the characteristics are linear between the ves of 
eollectr voltage tated 


Ves) 1070 40 70 10 7.0 
Jima) 06 07 25 29 46 538 


Plot the characteristics and superimpose the load 
line for SKS load and coleto supply voltage 
Of $V. The signal input resistance i 12K. When 
1 peak input custet of 30}. varek sinusoidally 
shout a mean bias of 404A, determin (a) tbe 
‘Guesentvaler of eller voltige and cured, 
(tte ouput voltage swing, fe) the vole gain 
(a) the dynam eure gan, and (e} the power 
in (is) 


Formulae for basic electrical and electronic principles 


‘Magnetic Circuits: 


® Mb 
on ryan aM BA pap, 
mp __t 
Tana 
Electromagnetism: 
+ FaBllsing F= O08 
a lectromagneticinduction: 
esac at °C, Ry = Ra +0) 
Tein pl ofsours,V = tr 
Seon at R= RU Re Rt Measurements: 
A ' Shunt R= 2 Mabipier Ry, 
Patel netwerk += Pu i 
z Cate 


Power ia decibels 


Whestsone iidge Ry 


Capacitntin seven 


Patetiomete Es 
z 


Further Electrical and 
Electronic Principles 


“This page intentionally eft lank 


Chapter 13 


D.C. circuit theory 


| Alton of his chapter you shoud beable: 


“+ ste and se Kites laws o determine unknown curtens and volages ia decir 
‘+ understand he superposition theorem and apply itt Ba caren in de. cleats 


“+ understand peneal de. circa theory 


‘+ understand Thévenin's theorem and apply a procedure to determine unknown cusrents inde: cnc 
“+ recognize the cts diagram symbol for del voltage and current sources 

‘+ undertand Norton's theorem and apply procedure to determine unknown curents iad cits 

“¢-apprcite and use the equivalence ofthe Théyenin atl Noon equivalent networks 

‘+ state the maximum power transfer theorem and use ito determine maximum power in ade. cist 


13,1. Introduction 


‘The laws which determine the cunents and valige 
stops ind netwavks are: (a) Obs’ aw (ee Chap- 
ter 7) (b) the las for esisions in series and inp 
allel (ice Chapter 5), apd (e) Kirehhotl's laws (se 
Section 13.2 following ln addition, there a 3 nus 
ber of cieuit heorerns whic have been developed for 
solving problems in electrical networks, These includ: 
the superposition theorem sce Seton 13.3) 
(Gi) Thivenia’stheorern (See Section 13.5), 

(i) Newton's theorem se Section 13.7), and 

iv) the maximum power uaaster thenwem (see 

Seaton 138) 


13.2. Kirchhoff’ laws 


‘ich’ laws state: 
(2) Current La. Arany junction dna eet eit 
the toa euren flowing towards tat pnction ts 


eal 1 the ttl current flowing awe from the 
Junction be © 


‘Thus, referring to Fg, 1. 


(0) Voltage La. tn any closed np in nero, the 
algebade sun ofthe vag drops (Le. prducts 
‘fearon and sistance) uaen aru te lop 
‘atthe esate cing ta oop 
‘Thus, referring to Fig. 13.2, 
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(ore ta if eee Hows away fon the poitive 
terminal of w source, that source i eousieted by 
‘convention 1 be positive. Thus moving antilock 
wise around the lop of Fig 13.2, £y is postive 
and E, is egatve)| 


Ir 
e 
igure 132 
Probleas 1. (a) Find the unknown cuents 
‘marke in Fig. 13a, (b) Determine the valu of 
mid. Ein Fi, 13.30) 


» 


Figaro 3 


(a) Applying Kiebhof scare law 
Fe junction B 50=20-+ 
Hexe =A, 

For juction C204 

Hexe p= 3A. 
Foe jution Df 

ie x0 
Hence y= 0A, 

(Ger ia the opposite dieeton to that shown i 
Fig 1334) 

Foe junction Ede} =I 

ie. = 15—(-90) 

Hence 

Fe junction F 
Hence 


0. 
1s=808 


(0) Applying Kiechhof' votiage lw an) aving 
tlockwise around the loop of Fig. 13.30) stating 
poi A: 


3464E- 


N2)+N2S) 
Hunts) +p 
142541541) 


in SHE 
Heme 


7), since 
4-5=9V 


Problem 2. Use Kite’ Laws to determine 
the cuents owing i ea bape ofthe eto 
shown in Fig. 134, 


igure 


Procedure 


‘Use Kichof cure Lw and label cure 
tionson the riginaleicut dag. The dictions 
chosen are agbiteary, bt its wus, as a stating 
Poi tassume tht current low fromthe postive 
Tecinals of the tries, This ieshown in Fig. 13.5 
where the thee ranch curtents are expressed in 
terms of J, and fn. since the current though R 
ith) 


Figure 135 


Divide the cite nto 1 Hops and spl Kies 
law toca. Fron lop 1 Fi. 135, 
in 3 clockwise direction ax inated 


{tte direction chosen doesnot ute), gives 


Epa hn tlk 


ie, 4 


Hh +4), 


je, 6h +4 a 


From loop 2 of Fg. 135. and moving in a ant 
‘lockwie duction a indeed once agin the 
‘oie of dection does nt muse tdoes Ha have 


DC ceattheay 185 


tobeinthe same diction a that chose forthe fist, 
lop ies 


Bchatih the 
te. Itai +h) 
le 4h 45h a 
Solve Equations (1) an (2 for fan 

(aie: 2h e8h=8 8 
BQ) gives: 12h + 5 “ 


@)-) gives T=? 


(ie. Fei Mowing i the opposite ducetion v0 dae 
shown ia Fig, 135) 


From (1) 6/; 444-0286 


Hence nae 
Cures owing trough esitance is 


(+1) 0457+ (0246) 
sma 


[Nowe that a shi Joop is posible, as showa ia 
Fig, 136, giving hid equation winch ean be used 
sachecks 


B\-B=hn hn 


s-222h— 


2h-k 


[Chesk: 244 —f2=200857)— (0246) 


Problem 3. Determine, sing Kiros laws, 
cach branch cunt forthe network: shawn in 


oe 
af 


ay 


igure 137 


Curent, and tie directions ate shown labelled 
in Fig. 138 following Kichbot'scureat ay ts 
sul alough not essential follow conventional 
‘urea How with cate lowing fom the postive 
teminal ofthe source 


“The oetwork i divided ito two loops as shown i 
Fig 138. Applying Kirchbot's yoltage Law gives 
Foe oop i 


Bet Lk 
Sh+ty mH 


<b ky 


Note that since lop 2 inthe opposite dtecton 
tw cumoat (fj — 2) the volt drop across Ry the 
(ds 2) isby comenton segative 


2-5-2) 
Sh+Th a 


Solving Equations (1) and 2) 10 fad J and J: 
Wx (gives: — 160=54+20 
C+G)eves = 
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ence 


From): 


asa 


Problea 4, Forth beidge network shown ia 
[ig 13.9 dterine the cueats i each ofthe 


aA 
WO M0 


Figure 9 


Let he cute in the 20 resistor bef. then by Kit 
ols current lay, te cutee in the 142 seit is 
(4), Let the eutet in the 320 resistor be Js at 
Sowa in ig. 13.10, Then the cue! inthe 12 resis 
Yori ~ :)andhat inthe Qeesistris U1 +), 
Applying Kizeh's voltage aw top | and maving 
ina clockwise direction as shown in Fig 13.10 give 


Sam + Nh 


a 


Figure 0 
Applying Kiechhof'syoltag ato oop 2and mov 
ing ina aticlockwise direction arson in ig 13.10, 
ses 

=n $32 Un) 
However 1=8A 
2h +34le— 148-1) 
ie 6h, $32h,= 112 cy 


Hence 0 


‘Equations (1) and (2) are simultaneous equation with, 
twounknowns, anf. 


16. (Uh gives: 208M — 17612 
Hx Qyaives: 20K + 44612 


4-0) gives son 


a) 
456 (4) 


so 
A 


Substituting fr Js) ses 


Bh -n=84 
a 
ae 
Hen, thc flowing inthe 20 esisor 
=h=58 
‘he caret owing in the 14 esitr 
(1 hy=8—5=34 


‘he cuent owing ia the 322 resistor 


‘he euentfowing athe 112 resistor 


ny 
au the ester Bowing inthe 30 seit 
Iahth=a-stl 


[Now try the following exercise 


Exercise 69 Further problems on 


Kirenhofts laws 
1 Find cures Jf, and fia Fig 18.11 
Tis 1A. p=3Al 
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2. Forthe networks shown in Fig, 13.12, ad the 
‘les of the currents marked. 
la) b= =-18, n= BA 
0) h=a0a, 


von) Ly 
« 


3. Caeula the currents Zand in ig. 13.13, 


[=084,=054) 
asa fn 4 

f 

108 v 


4 Use Kiehot's laws to find the cunent ow: 
ing in the 60 resistor of Fig. 13.14 andthe 
power diated nthe 4 er, 


{dieaa.t2orw) 
ERE. 


5. Find the current owing inthe 32 rexsor 
fo the network how in Fig 13.15, 
Find also the pd. acon the 10 and 202 

27154, 7410Y, 3948V1 


joo 


Figure 1. 


6, For the network shown in Fig. 1315() 
fin (a the cure in the bate, b the cur 
et inthe 3002 resistor, the een the 
‘900 esis, and (the power dissipated 
‘he 1500 resin, 

Ifo) 60.38 (b) 15.10, 
(452804) 8.2000) 


7. Forthebvige networkshown in Fig. 13.154), 
find the cutee J 40/5 

ews 

Ds 


13.3. The superpositi 


“The superposition thoneem states 


4 any network made up of near resistances and con 
taining mare than ane source of ea, the rena 
rent fw any branch the alge sume of 
the currents that wld fl tn tat ranch if each 
source was considered separately, all ether sures 
deing replaced that tne by thee repetive inter 

“The superposition theorem is demonstrated ia the 
following wosked peoblens 


Problem 5. Figure 13.16 shows acuit 
containing two sources of em. each with thee 
‘ternal resistance. Determine the euent in cach 
branch ofthe network by using the superposition 
theorem. 
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Figure 


Procedure: 


1. Redeaw the original circuit with source emoved 
beng placed by 2 oal.as shown ia Fig. 13.17) 


‘ 4 
re tern te 
rs w 
igure 8 


Label the currents in each beach and thir de 
tiogs ab shown ia Fig 13.184) and determine the 
vale 

ipl with gives an equal resistance 
ar Qedy/@+a)=¥/6= 13330 

Fro the equivalent cic of Fig. 13.1800) 


Be 2 


oe SS7A 


sil te il ces 


2 Lael she cureos in each branch and ther diee- 
‘oosas showin Fig 13.174) and detennine tei 
‘als (Noe thatthe choise of eutentdtetons 
pens the hater polity, which, by coven 
‘ois taken as flowin tom the postive hatry 
‘exinal shown) 

2 parle with 7 ives an equivalent eesistnce 


of ety 1)=080 
run th equivalent eveat of Fig, 13.170, 
Bim aoe 
Wy 0a~ 508 
= 14298 


om Fig. 13.171), 


by current division 


3. Redeawsheoegial cui with source E} semen, 
beg eplaced yr; oal.3ssbown ia Fi, 13.18) 


“Taare TST 
rom Fis. 13.180), 


(ch 


toa (stg) = famosa 


(oas7) 


Supesimpose Fig. 13.18) oa wo Fig. 13.1%a) as 
shawn Fig, 13.19 


Determine the algebraic sumof he cureats owing 
ineach bane, 
Resultant cuneat Nowing tough source Iie 


OSHA (discharging) 
Resultant cuseat Nowing tough source 2,42 
1p =0857 L103 
= 02864 (charging) 
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Resultant cument Nowing tough resistor Rie 
Jot le = 0286-40286 
=ost2a 


‘The resukant cures with their diections are 
shown in Fig. 1320 


igre 13.20 


robles 6. Forte iret shown in Fig, 1321 
Sind, sag the sperpesition theorem, (a the 
urea owing andthe pd actows the 18 
‘resistor, (bythe cuter inthe #Vbatey and (the 
urea inthe 3V hater, 


ey 


Figure 821 


1. Removing source, gives the circuit of 
Fig 152210) 

“The curtent dtectons are Labelled at shown in 

Fig. 13.22) J owing fom the postive temninal 

of 


ee ‘ 
5 ena 
}20 ef -rau 
ry = 


igure 13.22 


From Fig. 13.22) 
Ey 
Asya ae 
From Fig 13200, 
18 


140674, 


Removing source 1 gives the ctcuit of 
Fig 132) which s the same as Fig. 13.23b)) 


a 
rs © 
3 
Fr 8 


44 The cuteat distions ae abled as shown ia 


‘igus 13.2(a and 13.230) owing fom the 
posi terminal of E> 
From Fig 13.240, 

fe 


4 0.6568 


3 
Tyas ~ is 
rom Fig. 1323) 


0.656) =0562 


5. Sopernposing Fig. 1323) onto Fig. 13220) 


ives the ieutia Fig. 1324 


6. (2) Resultant cuent inthe 180 cessor 
take 
=0.4167 1091 =0473A, 


Pa cron the 18.9 evi 


oon 18=L3MV 
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co) 
al my 
: a 


(©) Resultant cuteat inthe #V batery 
1.667 +-0:562 


() Resultant cuteat in the 3V batery 
[e+ l= 150+ 0.656 
1864 (discharsig) 


Fora practical laboratory experiment onthe superpo 
ition thearem, see Chapter 24, page 408, 


[Now ty the following exerise 


superpasition theorem. 


1. Use thesuperposiiontheorem ond uments 
Ia teand fof Fig. 13.25 


2. ‘Use the superposition theorem 40 the 
cent in the 8 restr of Fig, 1328, 


oe 
nt ov 
fleo YP? fia 
mone 


3. Use the nipeposton theorem to find the cur 
rent in each Branch af the network sown in 
Fis, 1327 

[HOV barry discharges at 1429, 
4V ber charges a 857 
‘Curent tough 100 esos 0.571 A] 


jon 
a0 


4. Use the superposition theorem to determine 
the cument in each bate ofthe arrangement 
shown in Fig. 13.28 

[24 hanery charges at 668A 
52V bate dschates at 3.250 
Cateat in 200 resistor is 1.616 


Qe fon eo 
asad WO 


‘The following pints involving Le. ctcuit analysis 
code appreciated before proceeding with problems 
‘Sing Tevenin’s and Noio's theorems: 


(0) The opea-itcuit voltage. aro eins 
AB nip 13.2 sequal 10V, since wo cur 
rent flows tough the 20 resisoe and ence 
to voltage drop occurs 


(Gi) The open teult voltae, across eins 
AB in Fig, 1330() i the sme as the valage 
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‘across the 622 resistor. The circuit may be pe ey eon 
e=(<5)e0 is 7 
by voltage division in a series circuit, 8 A ”~ 
meee paso ina 
° 
r an gure 1.82 


ee Peele fe oa UT 


igure 1330 « * 


(Gi) Foe the eteuit shown ia Fg, 13.311) pe 
sening a practical source supplying energy, Joa oa eo 
V=E—tnwhere E isthe battery em, Vis 
the barey erin voltage ad isthe iter 
al esitace of the battery (as sown ia See 
tion 6). For the cicutshown nig. 13,310, “ 


v 


(tm 


Eble sal 


removed, The reason for this is that shor 
‘elt as zero resistance nl 209 in parallel 
With zero bins sies an equitales resistance 
anne 6F200)/2040) L602 Thecireutisthen 

st ‘shown in Fig. 13.330), which iedava in 
Fig 13.3). From Fig. 13.33) the equiva 
len esistance sera AB, 


(iv) The resistance ooking at terminals AB ia 
Fig, 1.324} isobtinodby ruin he cieat 


instages shown in Fgues 13320) 0. on 
Heace he eufalem estan aos AB gpa tia2atsosan 
7a 
(0) To a the vote acoss AB ia Fe. 1.34 
(0) Foe te cit town a Fig 1338, the 30 Since he20V supply acon the Sad 150 
feistor cae no cet and the pu arose restos sens the, by Vola son the 
the 200 esos LV. Reding he ei voltage op across AC: 


ves Fig 13.350), rom which 


vex 
) «10 v 


Fi 


1333), then the 202 esse may be 
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‘made in the branch, were intraduced into the brat, 


AN {Asher ees beg rma ard represented by the 
lateral ressancer of the sures. 

9 © "The peocedure adopted whet wing Thévenin’s theo 

In & sea i summarised below. To determine the cuenta 


any bach of a active necwork (ue. nae cosaiing 


d Sour of ean: 
Iv (0) remove te resistance fro that ranch, 
igure 34 (i) determine the ope neit voltage, F, acess the 
‘weal, 
Yo iat potential of +20. 
420-5=15V (ly remove each source fe, and replace then by 


their intemal resistances and then determine the 


sad Vi-=Ve—Vac-= +20 16-= 4V. resistance, ooking-n' a the beak 


ence the voltage between AB is Vs Vs 


Isnt 11 Vand cnmnt would yew A (determin the valu ofthe ues fom te equ 
1 B since A ha higher potential than lente shown ia Fig. 15.36 Le 
(ii) tn Fig. 13386, to ind the equivalent res nhs 
tance across AB the creat may be edna ar 
in Figs 13.381) and (0 Bom Fig. 13270. : 
{he equivalent resin arose AB ines 
Seis. 1Dm3 
sR tis 
5754246150 I 


Y Y see 


o ‘rent ying inthe 100 esistor forthe circuit 


ewe a8 Sho nig 1337 
Gi) tn the worksdpoblems in Scions 135 sss 

td 127 following, may be cone ‘0 

that Tove and None’ roms bane 

te evn aivees congue i areal] [real for 


‘Kisco’ laws. However. these theorems can 
be used to analyse part of 2 eicuit and in 
‘much more complicated networks the prin- Figure 1337 
tiple of replacing the supply by a conant 
‘oliage source in series with a resistance (oe 
one kates 5 Following he above procedure: 


(i) The 192 resiance is emoved fom the ive as 


13.5. Thévenin’s theorem Sarnia Me. 12280 
“ 


‘Theres no cument owing in the $2 resist and 
"Thévenln's theorem states: curent fs gven by 


The eurent any Branch of & meron ha whic 


old esa fan em equal tthe ul. cross bra a 
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ro 
@ 


AY. Hence pa 

ross AB, Lethe openclteit volage aro the 
break E=3V 

(ii) Removing the source of em. gives the ecu of 
Fig 1338(b) Kesisane, 


aes 
ie 
46 


(Ge) The equivalent Thevenia’s crit is shown ia 


Fig, B38) 
e_« sk 

Cure = = TOR ~ TOs 

axa 


Hence th curating in the 102 resistor of 
Fig 13.37 6 ANZA, 


Problem 8, Fo the network shown in Fig. 13.39 
etemine the curent inthe 0.82 resistor wing 
‘Thévenia’s theorem, 


08s 
fa) ell 


Piger1339 


Following the procatue: 


(0) The 040 resistor is removed rom the ecu ak 
shown ia Fg. 13.400 


2 
Ta 
Pa. acoss 49 esitor=8h =(4)(12) 


ence pd. across AB, Le. the open-ctcuityolage 
seroat AB E48 


(8) Curent = 


(Gi) Removing the source of am gies the crit 
sown in Big, 1340. The sales ei 
OF Fig. 13.40(0) is shown ia Fig 134040, fom 
‘hich einance 
tee, 
cr 
(9) The equivalent Thain’ iets shown in 
Fig. 1340), fom which, curzent 


Ee 4a 48 
Tas0R 32 
current ia the 088 resistor 


Probes 9. Use Thévenin’s theorem to determine 
the curteat J owas inthe 42 esistor shown ia 


Fig. 1341, Findalaothe power dissipated in the 42 
resistor 
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Following the procedure: 


(i) The 46 resistor is removed oa the cea as 
sown Fig. 13.423) 


@ 


i) Content 


Feb nnat—2aja2h 
(see Section 13.4) (Alene, pa. cross 
AB, E=Esthia=2+ 31 


Removing the sources of em. gives the crit 
shown in Fig. 13.42), feo which, resistance 


2x1_2 

ae 

iy) The equivleat Thévenin's clicuit is shown ia 
Fig 1342() rm which, cutent 


= current in the 49 resistor 
wer dspace in the 49 resist 


P=PR=(05T1)44)=1.304W 


Problem 10. Determine the cute inthe $2. 
resistance ofthe network shown in Fig. 1343 using 
‘Theenia’s there. Hence find the catents 


‘owing in the ater two branches 
cel) = 
ar | 

Figure 3 


Following the procedure: 
(i) The resistance i emo fom the cai x 
showni Fig. 13440) 


(Gee Section 13.44), (Alteatvely 
Ba-By+ hn =12+640) 


il) Removing the sources of eam, gives the etcit 
shown ia Fig. 13.440), from which resistance 


5x21 
osp3 735 


(Gs) The equivalent Théenia’s izeuit is shown ia 
Fig. 13.4), fom which, cument 

Eos ow 

FRA Tas 
current in the 50 resistor 


ona 
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rom Fg, 13.44, 


vais = = (214815) = 074 
From Seo 3.4, 

V=b\bn 
leanne -ans) 
Hen cares n= =U 328 gs24 
Ato om Fg 13440, 

V=-E:+ hin 
le ame 2h) 
Hence current fp F074 A ara 


[Ohock, hom Fig. 13.444), Z4=Ja- +1. coset 10 2 
‘guicant gues by Kinch’ eure] 


Probes 11, Use Théveio’s theorem to 
etennine the cunt owing inthe 32 resistance 
fof the netwoek shown in Fig. 13.48-The vliage 
Sure as aopigble intemal sistance. 


(ote the symbol far an ideal voltage souce in 

Fig, 13.45 ftom BS EN 60617-2; 1996, which supe 

sled BS 3939-2: 1945 — and may be used at an 

ltemative to the bate symbol) 

Following the procedure 

i) The 30 resistance is removed fo the eet as 
showa in Fig. 13.46), 


(i) "The 132 resistance now cases wo eure 
PAL acts 10 esis 


(ws) 


(ee Seaton 13.4). Hence pa actos AB, 
E=16V. 


16y 


i) Removing the source of ema eeplacins it by 
‘ts inernalrestance means that the 200 tei 


tance is short-circuited as shown in Fig. 13.4600) 


igure 1.6 


since its internal resistance is 2er0, The 209 
resistance may thus be femoved as shown in 
Fis 13.46(6} ve Section 13.4). 


rom Fig, 13.46), resistance, 


las 
Ts 


50 


Basa 


Gv) The equivalent Thévenia’s circuit is shown in 
Fig, 13:46), rom which, erent 


£6 
TROT 
current inthe 38 resistance 


1 20 


Problem 12. A Wheattone Bridge network it 
sawn in Fg. 13.47. Calculate the curreat wing 
{nthe 320 sesso, and its diction. using 
‘Thvenin’'s tore. Assume the Soure of ean 
tohave negligible resistance. 


igure 1347 
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© 


Following the procedure: 


(©) The 320 resistor is removed fom the cise as 
shown in Fig, 3480), 


i) The pd between Aand C. 


Hence the pa. between A and 
kal=a4l6V 

Point is at a potential of +S. Hetween C and 
‘Aisa voltage dopof831V. Hence the vltage at 
Point Ai 4—K31—85.69V. Between Cand 8 
[Sa voltage dop of 44.47. Hence te voltage a 
pols Bi S4—44.47=0.53Y, Sloce the volage 
2A i gteter tha at B, cutest sas fw inthe 
‘ction Aw B.(See Sesion 1.4 (ui, 


(i) Replacing the soutee of em witha shore 
(ie, nero inernal resistance) gives the iat 
shown ia Fig. 13.A8(b) The eet isda and 
Simplisiedas hown in Fig 13.48) and (ros 
whi the resistance between terminals A and B 


2x 
pears 

242 
Bt 


Max3 
rest 


Seonll fe. 
7 
e924 2471 
1632 


(ix) The equivalent Théveni’s circuit is shown in 
Fig 13.48. rom which, curent 


E 

7h 
36.16 

Tea 


‘Hence the curtent nthe 320 resistor of Fig 1347 
1A ing fom A to 

For a practical laboratory experiment on Thévenin's 
‘theorem, see Chapter 24, page A. 


[Now try the following exercise 


Exercise71 Further problems on 
‘Thévenin’s theorem 
1. Use Thévenin’s theorem 10 find the cueent 
flowing ia the 142 resistor of the network 
shown in Fig. 49. Find aio the power 
isiated inthe 14.2 ssi 


TOASHA,2.68) 
t ke 
Figare Le 
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2. Ue Thévein's theorem to fd the curent 
Alowiaginthe 62 resistor shown in Fig. 13.50, 
andthe power disspated inthe 42 resistor. 

Pte2a.<207W1 


panes 


3. Repeat problems to 4 of Exercise 70, page 
100, using Thivenin's theorem. 


4. ntheneework shown a Fig. 131. the baery 
has negligible itemal resistance Fad, using 
“Thevenn'stheren, the cuter owing inthe 


$2 eve, Tostsal 
yo oo 


5. For the bvidge aerwork shown in Fig. 1382, 
find the cuter in tbe 52 resistor, and it 
suction, by using Thévenin’s theorem, 

TASBA frm B.A 


3 “a 
aa 
2a a 
13.6 Constant-current source 


‘A soure of eleeizal eneray can be represented by 
source of emf. in series with a rexsiance. In 
‘Section 135th Téveninconstant-olagesoure cot 
‘ved of a constant ean, En secs with an intemal, 
resistance 7- However this isnot the only form of 
‘representation. A source of electrical energy can aio 
‘vepesented by a constant-curen source ia parle, 
wits resistance, Ie eay be show thatthe 0 foes 


ne equivalent, An Heal constant-voltage generator i 
‘ne wih er internal reastance so tht supe the 
‘sue voltage tall loads. Aa ideal eustant-eurent 
senerato soe wih hate tera resstance sha 
‘aupplies the same cutee tal loads. 

‘Nae the symbol far an ideal cumeat source (rma 
BS EN 617-2: 1996, which superseded BS 3939-2 
185), shown i Fig. 13.53 


13.7, Norton's theorem 


‘orto’ theorem states, 


‘The cavont ths fle any ranch af a newark bs 
‘he sae a that whic soul fl he rane ft 
Were connected demas a sonice of elciical ners, 
‘Me shore current of whic equa othe erred 
‘har woulda sacra aco he ranch, ad 
‘he internal stance of which 1 equal 1 the ret 
dunce which gears aemis the open-cinuted branch 
terminal, 

“The procedue adopted when using Nowtn's theo: 
rem is summarised below, Ta deterine the cure, 
owing in wesitnce A oF a ranch AB of an active 
network: 


(0) short-cut branch AB 
‘ 


determine the short-circuit uments Bowing ia 
the banc 


(Gi) remove ll sures of eau and replace them by 
thei internal resistance (o,f cute source 
fests, replace with an ope<vca), then deter 
‘nine the resistance, looking ata veak made 
tetween And B 


iv) detemnine the cutent # Nowing in rexinance R 
fiom the Novten equivalent network shows in 
Fig, 1353.46 
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CS Te nye ty current division, ix given by: 


‘he eurent lowing inthe 102 tesitance forthe (mf 


circuit shown in Fig. 13.54 ) 8) = nana 


Teese, 


35 obtined previously ia Problem 7 using 
‘Taevenin's there. 


Problem 14. Use Norton’stheorem to determine 
the euent/ owing in the 42 seistance shown in 
Fis. 13.56, 

igor 135i 

Following the above proce: 
Figure 1356 


Following he procedure: 


(i) The 40 anc is show cteuta as shown ia 
stay 


(i) From Fig 1857, 


(ii) We the 1OV source of cams, is removed fom 
Fig. 13.55(a)the resistance ooking aa eeak 
made berwsen A and Bis given by 


, ah Ob Pad ° i 
te ic te De | 


Fi 


i) the sources of mate removed the resistance 
ooking ata break made between A and Bis 
ven by 


(ie) From the Noon equivalent setwovk shawn in 
Fig 1.57(0) the cute ithe 12 resistance i 


ropes Hos 
(iv) Fromm the Norton equivalent sew shown i (ch) =ost1a, 
Fig. 13.55(c) the current in the 102 resistance, 4, 
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asobuaned previously ia problems? Sand using 
Kircbofts law und the there of supepos 
tion and Thevenin 


Problumy 15, Deterine the cuter inthe $2 
‘esstance ofthe network shown in Fig. 1.88 using 
‘Nowton'stheorem. Hence find the cureas owing 
Jn the eter to aches 


Gi) each source of eam is emoved the resistance 


‘oking-a ats heak made between A and Bis 
aiven by: 


052 
ass 


(Ge) From the Noon equivalent network shown in 


(24,)or=ouaa 


+ obtuined previously in Problem 10 using 
‘Thvenin's tore. 


The currents owing i the ether two branches ate 
obtained in the sae way a5 Problem 10, Hence the 


ene fren Bowing fom the 4V source is @S2A an the 
fren lowing tom the 12V soutee i 637A 
Following the procedure ieiien 1a" Taisen head 
(i) The 512 bean is shone as shown ia the cueent owing inthe 30 resistance ofthe 
ig 13.590) nctwork shown in Fig. 13.60. The yolage source 
‘ F has eligible internal resistance, 
7 * n 
aw to=24| aan] 18 so 
osu ee se 
fie eo [hoa [feat 
Figur 13.40 
(i) From Fi. 1.5%, Following the procure: 


‘ (0) Thebvanch containing the 32 resistance isshor- 
nna a cieuited ak shown in Fis 13.61) 
te} [hoalfucbfaw se} aevffoaddfarw [hou [Foo 


Figere 31 
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i) From the equivalent cicuit shown in Fig 
Het, 


i) the 24 source of ez is rmoved the resis: 
tance “looking-n’at ak made betwen A and 
Bisobtained rom Fig. 13.61) and tsequivalent 
‘acu shown in Fig. 1361(d ais given by 


(G8) From the Norion equivalent network shown ia 
Fig. 13.66) the current i the 32 esse is 
sive by 


obtained previously in Problem 11 using 
‘Thévenin' theorem, 


robles 17. Delennin the cure owing inthe 
‘20 resitance inthe network shown in Fig. 13.62. 


Figure a 


Following the posed: 


(The 22 resiance branch is shor-ceuited as 
shown n Fig 1.631), 


ry = = 
T= ig 
le af, 


(i) Fig. 13.63b)isequivalen to Fig. 18.630), Hence 


6 
Joo = GEG (15) =9A by cient dso, 

(i) the 15, cute source is replaced by an ope 

lncit then fom Fig. 15.63) the resistance 

‘ooking ata beak made beeen A and Bis 

sien by (6-4) in pall with @-+7)2. be. 


oyts) _ 150) 
To+ is ~ 35 
ix) From the Noon equivalent network shown in 


Fig. 1.63) the cute inthe 22 resistance is 
sien by: 


[Now try the following exercise 


Exercise 72. Further problems on Norton's 
‘theorem 


1, Repeat Problems 1-4 of Exercise 70, 
age 186, by using Norton's theorem. 


2. Repeat Problems 1.2.4 and of Exercise 71, 
age 196, by using Norton's theorem. 


4 steine the cuentfowing inthe 62 tess: 
tance ofthe network shown in Fig. 13.64 by 
using Norton's theorem [smal 


‘The Thvenin and Noon networks shown a Fig. 1.65, 
arcequialento cach other, The sistance “ooking 
ft terminals AB isthe same in each of the network, 

terminals AB in Fig. 1.65() ae son -cicuita, 
te shoe-itcuit cuteat is given by Er AP weeminals 
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short-circuit 
‘utenti ge. Forth circuit shown i Fig. 13.68) 10, 
‘be equivalent the leu in Fig. 13.65() the sane 
shocteitcurent must low. Ths fz-= Ee 

Figure 13.66showsasoune ofeme & series with 
a nsistance feeding lad sistance 


Figur 3.6 
om Fig, 13.56, 
ithe ot 
RT 


is t= (a) 
Fromfig. 167 itanbe senha when viewed rm 


te Toad the source appears as a source of caeat Ise 
which s divided between and R connected in parle. 


ke 


Figure 18.7 


“Thus theo representations shown in Fig 13.45 re 
equivalent 


Problem 18, Conver the csc shown in 
Fig 13.68 oan equivalent Noon network. 


wt 


y 


igure 13.08 


enninals AB in Fg. 13.68 ae shor-iecied, the 
shoxtsitcitcuet Ig 

"The reise “Tooking-n’ a teins AB is 20. 
ence the equitaleat Noon aerwork i a shown ia 
Fig. 1360 


‘e-sal 


Problea 19, Conver the network shown in 
Fig 13700 an equivalent Thvenin erat. 


a 


‘The opon-cieut volage E across terminals AB in 
Fig. 13.70 given by 


E= (sete) = 1018) 


nV, 
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‘The sistance ‘Looking n'a terminals AB is 30. 
Hence the egulalet Théveun ccui sa shown i 
Fig 1371 


. 
env 
e 
Problem 20, (a) Conve ihe ire wo the ttt 


of terminals AB in Fig. 13,72 an equivalent 
‘Thévenin circuit by nally converting toa Norton 
guialent cuit (b) Determine the cusent 
‘owing ia the 182 esitr 


Figaro 72 


(2) For the branch conning the 12 soure, co 
Yerting to a Nowton equisalent cizcit gives 
Tye=12/3=4A and rs =52. For the anche 
taining the 24V source, comering to a Norton 
fyuialencicit ges fgey=24/2= 12 aad 

"0. Thus Fig. 13.730) shows a uetwork 

‘cuivalent to Fig, 13.72 


by EN 


Figure 13.73 


‘rom Fig. 13.73) the wal short-cut eaeat 
is} 12=16A and the ttl sistance given 
by Gx 2/842) = 120. Tas Fig. 13.780) 
‘Sioplies to Fg. 13.731) The open-tet e 
age oss AB of Fig, 1373), B= (16) 12) 
192, andthe resistance “ooking a! AB is 
120 Hence the Thévenin eyutvalnt cir ws 
showin Fi, 137800, 


(>) When the 1.8.0 resistance is eoancted between 
sexinals A apd B of Fig. 13.73) the eure 1 
owing is gen by 


‘juivalet networks Thvenin equivalent 
fireuit for teninals AB of Fi. 13.78 Hence 
etcimine the current flowing ia the 202. 


Figure 1374 


For the branch coming the 1OV source, comerting 
toa Norton equivalent network gives 

ge =10/20000— Sau ad 7) 2K. 

Forte branch containing the 6V source, convening 
‘Norton equivalent network gives 
Ise=6/5000= 2A and 723K. 

‘Thus the aetwoxk of Fig. 1374 comens to 
Fg 13.750), Combining the SA and 224 cates, 
sores gives the euitalent network of Fig. 13.7800) 
‘where the short creitcurent for the ofgial 40 
Tancher considered i TMA and the resinance i 
2x3/243)=12k2 

‘Both of the Norton equivalent actworks howe ia 
Fig. 15:754b) may be converted o Thévenin equi 
alent civcuis. The open-ecuit oltage across CD 
is xt0-J2e10)=84V and the resistance 
ooking’ at CD it 1.2402, The open-circuit volige 
actos EF is (110-5) (600)=06V aad the sexe 
{ance "looking-n' at EF is 06KA. Thus Fig. 13.7500) 
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Figere3.78 


converts to Fig. 1375(0, Combining the 10 Thévenin 
lucite gives E=8.4~0.6=78V and the resistance 
P=(.2+06)k2=L8ko 

“Thusthe Tenia equivalent cnc for terminals AB 
of Fig. 1376 is ae shown in Fig. 13.750) 

ence the cateat 1 owing in a 2002 resistance 
connected between A and Bi given by 


18 
iam 
74 


am 39m4 


‘Now ty the following exerse 


Exercise73 Further problems on Thévenin, 
and Nerton equivalent 
networks 


1. Comer the cites shown in Fig. 13.76 to 
Noon equivalent networks 

Ta fae 

Obs 


o oy 
Figure 13.76 


Convent the networks shown in Fig. 13.77 0 
‘Thévein equivalent circuits, 
Tia) £=20¥. 
Oo 


so ao 


@ co 


Figure 13.77 
(a) Convert he network to thee of eine 
[AB in Fig. 1378 to an equialent Thvenin 
‘ect by inilly convening 10-4 Norton 
‘equivalent network 


ead 
sof] s9f] 
Figure 13.7% ; 


(by Determine the cutent flowing inthe 162 
resistance connected between A.and Bia 


pare 
i Ka) E: 


BY, 


120 (6A) 


Detenninc, by successive evoversions 
between ‘Thévenin and Noxon equivalent 
networks, a ThEveninequialet init or 
teominaly AB of Fig 13.79. Hence determine 
the eutent Mowing a 62st connected 
between Aan 


ob r 


2, 1A} 


igre 13.79 


For te network shown in Fig. 1380, comet 
‘ach brant containing yltage source to its 
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[Norton equivalent and hence determine the 
urea lowing inthe 50 resistance. 
it 


A) 


igure 1.80 


13.9 Maximur 
theorem 


po. 


"The maximum power transfer theorem states: 
The power transfered froma supply source told x 
‘cerns when the rettanc of te load egal 
{eo theltermalreltance of the out. 

enee, in Fig 1381, when I= the power tans. 
feted fom the source tthe load i a masinum. 


Figure 138 


‘Typical practical applications of the maximum power 
‘uansfer theorem are found in stera aplifer design, 
seeking to maximise power delivered to speakers, ad 
In elecee vehicle design, secking to maximise power 
elvered us dive amor 


Problem 22, The cei diagram of Fig, 13.82 
shows dy calls of soure em 6, and internal 
‘esistange 2.52. ithe load tesistance i is avied 
tom 010 52 in 050 steps, caleulate the power 
Aisipated by the loadin cach ease Plot graph of 


‘x (hovzontally agains power (vertically) and 
‘etemine he nix power desipted, 


Figure 12 


‘When A =O, cure 
a power dissipated in Ry. P 
P= 24) 0)=0W. 


24a 


oe 
‘With similar calculations the following table ix 
roused 


24 20 1741s 133312 


nO 40 AS 5D 


PR, W)3S7 350341 331 320 


A srpt of Ry against P is shown ia Fig. 13.3, 
‘The maximum yalueof power i360 W which ours 
When Ry is 250, {e. maximum power occurs whe 
‘Rum, which ie what the maximum power tanser 
‘hore sae, 


gure 13 
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Probl 23, A de. source has an open-circuit 
yolage of 30V and an internal resistance of 152. 
‘tte the value of load existance that gives 
‘maximum power dispation and determine the 
‘ale ofthis power 


‘The cteit diagram i shown in Fig. 1384, Frorn the 
‘maximum power tansfer theorem for maximum power 


Shape norte 
f 
conf 

ls 
ee 
om Fig, {Ace /=/0-+8) 

30/054 15) =104 

Poet P= 8 = 0.) = HOW = i 
ove daa 


Problem 24, Find the valuc ofthe loa esistor 
‘shown in Fig. 13.85 that gives maximum power 


Assipation and determine the valu ofthis power. 
ey 
al nap 


igure 35 


Using the procedure fine Thvenin's theorem: 
(i) Resistance Ak is removed fiom the iets 
shown in Fg. 138610), 


ese 
a face 


@ 


(Gi) The pd across AB isthe same asthe pd, aerons 
the 120 resistor Hence 


(ws) 


(Gi) Removing the source af eau. zives the circuit of 
Fig, 13.60), ren wich, resistance, 


123 _%6 
m 
(iv) The oquivlent Maven’ ica supplying ter 
‘minal ABs showa in Fig. 1.86(e) a which, 
5 
FE 


eaten, 


For maximum power, 

2 
aa 
Power, dissipated in lad M., 
PHP R= 25724) =18W, 


249 


‘Tas euent, 1 


ISA 


‘Now try the folowing eerelses 


Exercise74 Further problemson the 
‘masimum power transfer 
theorem 


1. Ade, sounse hasan open-cieuit voltage of 

20V anda itera estance of 20 Deer 
inthe value of the load sesistance that ives 
‘axinwm power dispation, Find the vale of 
‘his power 2a. s0w) 
Deterne the vale of the load resistance 
‘Rc shown ia Fig. 13.97 that gives maximus 
power dispation and fad he value of the 
power. 


[ee =162, P=s76W) 


igre 1357 


3. Ade. souee having an opencveuit voltage 
‘of 42 and an internal resistance of 390 
‘connected to a loa of resistance R,. Deter 
tin the maxis power diated by the 
Too LAW) 
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4. A Voltage source comprising six 2 V ells, 
each having a internal esistance of 0.20, ic 
coaneced to oud resitance &. Deter 
‘the maximum power uansfosed 0 the oa 

‘GOW 


5, The masinum power dissipated in a 42 toad 
{is 1O0W when connected toa de. voltage V 
su intemal resistance - Calculate (a) the cur 
eat the Had, (bina esse F nd 
(G)otage Via) 500) 422021 40V), 


Exercise 75. Shortanswerquestions an 
circuit theory 


1, Nanttwotaws and thee theorems wich ay 
bewsed ond unknown uments and pci 
lectrcal ciate 


Ste Kiros current aw 
State Kirhhol'soltage lw 


4. State, in your owe words, the superpsition 
tore, 


5S. Stus, in yourowa words, Thévenin’s hones 
(6. State in your own words, Notas theorenn 


7, State the maim power taster theorem 
forade, iret 


Exercise 76 Mut-choice questions on 
de.circult theory 
(answers on page 420) 


1 Which ofthe following statements ue: 
For the junction in the network shown ia 
Fig, 1388 


0) Ltbths 
fe) Bb tle 
w 


Figure 8 


‘Which ofthe following statements is ruc? 
For the citi shown in Fig, 13.89 

G) Ebest Bain tliat he 
tb) BFE Ei Min ta tn) 

(©) love n)=Bi— Ea Bs 
(d) B4Es—Bi=in tintin 


E 
Figure 13.89 


For the circuit shown in Fig. 1390, the 
intemal resistance ri piven by 
1 V-E 
jy ees 
env 
w = 


Figure 13.90 


For the crit shown in Fig. 13,91, vale 
seeVis 
f) 2V a) 2v (@ 1 ov 


igure 1391 
For the circuit shown in Fg, 1391, cartent 
his 

(2a () 44a 

(© Osa (@) 0A 

For the cveit shown i Fig, 1891, cuteat 


(a) 2a (by Maa 
(fe asa (a) 0a 
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1. ‘The cquivateat resistance across teminals 11, The opn-ienityoltage aeons terminals 
AB of Fig. 13.92 XY of Fig, 1395 
i 9310 (7240 ia ov () 20 
won (6750 © av (ov 
pon 
joa 
ie iare 149 
A. Wit erence w Fig. 1393, which of the 
Some iene? 12. The msimum power tasfened by the 
) Yra=2¥ dower 18 96 
© Ma=isy ay amow 
(6) When alas connected between Pand BN Wee 
,eutet would ow fom Q oF e 
(8) Vig=20V 
20 oe mou 
: zal) 
Fire 1396 
igure 1.93 
9. Fig 1393 ithe 1SV bane is rela 43, se ita shown in Fig. 1397, volage 
‘by a shri, the equvaet reste ek 
acs teins PQ is tov () 20v 
a) 200 () 4200 av  16v 
1 45a (o 400 
10, Forte craitshownin Fig. 1394 maximum 4 
ower taser ron the source i eed. =— 
Foc this to be so, which ofthe following 
0) R=309 
() R189 


Figure 1.97 


1M ar the cteuit shown in Fig. 13.97, curent 
his 
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16, ‘The curtent owing ia the aches ofa de 


5A @ 4a 

© 0A @ 20a sireuit maybe dtemnined using 
15, For the citeuitshowa in Fig. 13.97, cument (iid cad 

fis. (b) Lea's aw 

84 @ 4a (e) Faraday’s laws 


© 0A © 0A (a) Fleming's left-hand ule 


Chapter 14 


Alternating voltages 


Al the end of his chaper you should be ale: 
“e)apprcite why a. isused in preference ode, 


perform calculations ivlving 7 


uv 


understand lagging and Feating anges 


SCREEN CMCC IT 


caleulation 


oseribe the principle of operation ofan ac. gener 
Alistinguish between unidvectonal and altemating waveforms 
etn eel, period or pero time T and frequency of «waveform 


and currents 


define instantaneous, peak, mean and rs values, nd fn an pea factors for asine wave 
calculate mean and ts, values and own and peak facts fr given waves 
‘understand and perform calculations onthe general sgusidal equation » = Vjqsin(ot +) 


combine two sinusoidal waveforms (a by pling srphicaly(b) by drawing phasors 10 sale an (c) by 


‘+ ‘undertand retfstion, and describe methods of obtaining half-wave und fl-wave etifstion 
“¢-appreciate methods of smootiag sectitied ouput waveform 


14,1 Introduction 


xetiiy i produced by generators at power tations 
and then disbuted by a vast network of wansmission 
Ties ead the National Grid system) 1oindusty aad 
{or domestic use. I ie easier and cheaper 1 gener 
sie allrating cut (ac) than det cusent (Lc) 
nd ac is moe comenienly distibued than de 
Since its voltage can be realy aleed sing wane 
Tormers. Whenever de is needed in preference 0 2c. 
devies called rectifiers ate wed for conversion (2 


Section 4.7, 


14.2 Thea. generator 


Letasingleturncoilbe fee oust a constant angular 
seoctysymmeuically etween the poles of a maet 
system ar shown in Fig. 11 

‘An ean. i genetted i the coll frm Farsdy's 
las) which vais in magnitude and reverses its se 
tio a ep itervals. The reason for this is shown 
{in Fig. 142. In positions (a (e) and (the conductors 
‘ofthe loop ate effectively moving along the magnetic 
eld, no Hux x cut and hence no eam. i induce. 10 
poston fe) maximum Mux is cu and ence maxima 
mis induced, In position (), maximum Mux seu 
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and hence maximum ean sain induced. However, 
‘sag Fleming's ight-hand rule, the induced ean is 
‘he opposite dtceton 1 thin position (cand is hus 
Sowa as —E. ln postions (ba, (fa () sease 
fluc is cut and hence some eam sind. all sch 


PA 
LY 7 


‘ostone ofthe coil are considered, in one revolution 
‘tthe ci, one eyle of aiemating eam produced 
4 shown. This i the peineple f operation of thea 
‘Beverator (be the alert 


1 values of quattes which ary withtine rate plated, 
toa base of tne. the resulting graph salle a wave- 
form. Sorne typical waveforms te shown in Fig. 143, 
‘Waverorss a) ad (bar unilvectional waveforms, 
Foxalthoughthey vary considerably wihtiae they ow 
inonedietion only (they do notcrossthe tine ais 
a become nepative), Waveforms 6) 0 (gat alld 
alternating waveforms since thee quantes ae cow 
‘inally changing in diction (Le, allemately positive 
an cgative, 

‘A wavefoum ofthe ype shown in Fig. 14.3) called 
sine wane. Is the shape ofthe waveform of em 
‘rodced by analtemsorand hus the mains electri 
‘Supply is of sinusoid orm 

‘Oncomplte series of values scaled ueyele (Le from, 
OtoPin Fg. 143% 

"Te time taken fo a alternating quay 1 complet 
fue cycle aed the pela or the periodic te, 7, 
ofthe wave. 

“The number ofeyles completed in one econ is called 
the fraqaeney. ofthe supply and is measured in ert, 
Ha. The standard fequeney ofthe electricity supply in 
Giat Britain SOH2 
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Problumt 1. Detemie the pide tine for 
‘Heguoncies of 4) SOHand (b) 20k 


(a), Peviodietine 7 


(0) Pesiodic time T- 


Problem 2 Detennine the fequencies for 


0 


 250KHe or 0.25 MEE 


robles 3. An alenating cusent completes 5 
gles in ns, What its requency? 


‘Tame for Leyte =(8/S)ms=1 6ms= peste T. 


1 
Froguoney f= 7 
[Now try the following exercise 
ercise77 Further problems on frequency 
and periodic time 
1 temsine the pric tie forthe folowing 
frequencies 
() 25H2 () 100He (©) 40K 


1a) 0.450) 10m (6) 25,8, 


2 Cleat the fequoney for the Following 
periodic tines: 
fa) Smo) sous fe) 02 
[ca 2001 () 20442 (6) SH 


3. Am alternating cunt completes 4 yeles ia 
Sm, What iss iequency? [8002] 


144 AC.values 


Instantancous values ate the Values of the aenating 
quantities at any instant of time. They are eepreseated 
Dysmall lene 1, ete ee Fig. 14.3 ad (2) 

The largest vale reached ia lfc cae the 
peak valor the manu vale ote amplitude of 
the waveform, Such values ate represented BY Vay fa 
Eqo ele (ee Fig. 14317 and (2) Apeaketo-peal lic 
fofeme is show ia Fig. 14.8) and isthe dfeence 
between the musa and anim ves in aeyele. 

“The average oc mean value of a syinmetrical uke 
fatiag quanty such a sine wave), isthe eaze 
‘aluemeasued over ahal-eele, sac over acomplte 
sel the average value 20), 

on under the curve 

Tengo hase 
‘The tea undersccurve is found by apprsiaute meth 
fos such asthe apezoidal rule the mi-andinae ule 
foe Simpson's ule. Average values are sepresete by 
aye favs aye ete 


Average we mean valu 


Fue usine wave: 
average vale = 0.637 maximum value 


he 2/se x mad 


‘The effective valu ofa aerating cures hat ear 
sent which will produce the sare heating effect x a8 
‘yuivalnt diet caren. The effective value ix called 
‘he rot mean square (rm..) value and whenever a8 
lernating quantity is given, isussumedto berber. 
“ale. For etample. the domestic mes supply in Great 
‘situa i 240° andi sumed to anean 240V eas 
‘The symbols sed for ems, values a I V, Ee. For 
8 nosiusoidal waveform us shown ia Fig. M4 the 
fas value sven by: 


+8 


‘whet m ithe sum of tervals wed 


aval 
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For asine wave: 


emus. yalue = 0707 « madinum yale 
(hest/ 2x maximum value) 


ams. vale 


Foren Tae erage value 


Fora sine wave, fro fator=1.11 


smasiaum value 


Peak factor = Masia as 


Fora sine wave, peak fastor= 11 
"The Vals fo and peak factors ive an ineaton 
‘ofthe shape of wavelons, 


Probl 4. Fo the petiole waveforms shown, 
in Fig. 148 determine foreach: () equeney 

Ai) average yaluc ove half aeyele (i) ems. value 
{i for factor and (0) pak fat 


Tins ms 


oT 
Pigee 


(a) THangular waveform (Fig. 14a), 


6) Tine fort complete eycle=20m= periodic 
time, 7 Hence 


1 
= 


1000 
wa 


Frequency 7 


sone 


(4) Area undo the wiangula waveform fra al 
ijele= fo base height 


$< 40 410-4) 200-—1 yltsecond 


Average value] _ tea under cue 
ot waveform 


1 yotsecond 
Txt econd 


(i) ba Fig 1451, he fs 1/4 eye is divided 
itv intervals Thus 


ens vale 


(Note that he greater the number a intervals 
‘howe, the poser the accuracy of the reul 
For ctanple, twice the numberof dinates 
‘that chosen above af wed the i, vale 
{found w be 118.8V) 


aa value 


ow 


porn 


(0), Rectangular waveluem (Fig. 145). 


Time for | complete ge 
tic tie, 7, Hence 


m= ps 


1 1000 


L 
equenes, = 7 = Se 


25s 


sea under curve 
Teogth or hase 


i) Average valu over 
hala eyele 


oc ac-¥y 
Tal 


08. 
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(iy Termaninen [HEHE yy | joszaceas 
hover many tra ache a 
the wala ecg p Sere: 
cose _10 A 
(Fonte Ty 
(9) Peak ft = sium vale _ vse 5778 


Tas value~ 1 


robles "The fllowing able gives the 
‘onesponing values of extent and tine for a 
balecjee of alternating caent. 


Assuming the nepative half ye identical in 
shape tothe postive hal<yele plot the wayeform 
a find () the feguencyof the supply. (b) the 
{instantaneous values of cutentafier 125 sand 
53s, (0) the peak o maximus vale.) the 
‘mean or average value, and (ethers valu of 
the waveform, 


"The hal-eyct of atemating cuentisshown plonedia 
Fig. 146 


(a) Tie fora halfeyele=Sms: hence the tne for 
1 ele. the peioditime, 7= 10s or 0.01 


00H: 


L 
a 


(©) Aastanancous value of euent ater 125m is 
ABA. fom Fie, 14.6. lsantancous vale of cu 
rent afr Amn is TOA. om Fi. 1 


(@) Peak or maximum yalue=76A 


aren under curve 
Tength of base 


Using the mid endinate rule with 10ierval cach 
of wid Sis gives 


(4) Mean oc aerage vais 


esp aie -3814 


we 
. $49463473, 


SIA 


FH rT 

OTE TE OEE 

© Rink een, EEE 
0 

joa. 


om 


Bsa 


V 


Problem 6 Caleulate thers value of 
Sinusoidal current of maximum value 20, 


Foratine wave 


0.707 x maxim value 
$0707 20= MAA, 


Problem 7. Determine the peak and mean values 
fora 240 eins suppl. 
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Forarine wave, em. yal of vatageV~0,707 «Va. 
‘AHOV mits suppiy sens that 240V i the en's 
‘ale hence 


Problea  A-supply volage has mean value of 
130, Detennie is mason vale and iss. 
vale, 


Forasine wave. mean value 
Hence 


(637 <maxinun value. 


mean value 
‘O47 


‘maximum value 


jue=0,707 x maximum value 
(0.707 2355-16680 


‘Now ty the following exerese 


‘Exercse78 Further problems on ac. values 
cof waveforms 


‘An alternating current varies with time over 
hala eyle as follows: 


“The mopaive half-yee is similar, Plot the 
uve and determine: 
(a) the teguency(h) the astananeous values 
03s and 88m (eis mean value and 
(ahatseans. value, 
[ia) SoH () 554,318 
()24A@ 40a) 
2, For the wateforms shown in Fig. 14.7 deter 
mine foreach (he fequeney i) the werage 
‘ale over half a eyle (ii the ems. value 
(ithe oem factor () the peak acto 


Tea) 1002 Gi) 250A Gi 287A 
is) 115) 474 

(b) @) 25082 Gi) 20 Ga 20 
G10 Ww) 10 

©) G) 25H GH) IBA Gi) 196A 
Gs) 108) 123 

(@) @) 25082 Gi) 8 (uy SOV 
G20) 20) 


Figure 147 


An aerating voltage is wiangular in shape, 
‘sng ata constant ae 19 maxim of 
200V in Kins and then falling to ze at 
‘constant rate in das, The negative all- 
fycle is Mental in shape 10 the positive 
hatreyee. Calculate (a) the mean veltge 
‘over ha yee, and (b) the en. voltage. 

[ta) 150 (0170), 


Analtruaing ex. vases withsie oer all 
aeyde as fellows 


Ems.) 


‘The negative half-yee siete in shape 
to the postive hal-eyele. Plt the wave 
fom and defense (a) the pile tine 
and fequeney (b) the instasianeous value of 
Soltage at 375s (e) the umes when the 
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‘oltage is 125 V(d) the mean val and the 
fs value 
[tay 24s, 41.67He (by 11S 
(Armen O.1ms (a) LV 


ivy 
5. Calculate therms, yale of sinusoidal curve 
of maxi value 300 IVI 
(6, Find the peak and mean values fora 200 
mains supply x2 9V, (80.2) 


7. Plot sine wave of peak value 1.04. Show 
that the average value of the waveform is 
637A over half cycle, and thatthe ems 
ae is 707A 


A. A-snasidal voltage has a maximum value of 
120. Calculate its ms. and average vals. 
(s18¥, 7641 

9. A sigusodal curt has a mean value of 
TSOA. Detesnioe its eaxinum and came 
values, [SSSA 16654] 


145. Electrical safety ~insulation 


and fuses 


Insulation suse o prevent “leakage and when deter 
‘mining what ype af insulation should be wd, the 
‘maximum voltage presen must he taken nt acount 
For this caso, peak values are always considered 
‘when choosing insulation materials. 

Fuses re the weak linkin a cir and aw use to 
teak the citeitfexcesivecunent isdn Excessive 
cient could lead to a fe. Fue rely on the hed 
ing effet of the caren, and fortis ean, ems. 
Yalues must always be used when calculating the 
appropriate fuse size 


14,6 The equation of a sinusoidal 
waveform 


InFig. 14.8, 0 represents Vector that i fee 1 soate 
aailockwise about O tan angular locity of weal 
‘Aroustingvestor is known ae a phasor 

‘Afertiner ecoads the ctor OA has turned though 
an angle I the line BC i constructed perpendicular 
100A as shown. then 


Bc 
7 


[all sch vente components ae project on toa 
raph of against angle wt (a radians), a sine cave 
‘ests of maximum value OA. Any quatity which, 
“is sinusoidaly can thus be sepresented a a phasor 

‘Asin curve may not always stata 0 To sow this 
 peviodic function is represented by y=sin(at +9), 
‘whote @ isthe phase (oF ange) diference compared 
‘with y= Sint Ta Fig, 14943), y2—sin(or +9) Sas 
6 adams eae than yj=sinot and is thus sid 10 
lead sy by @ raians. Phaser ys andy ae shown in 
Fig 14900) at the te when 


a(t) tats 9 ean ater 
nan i ths a to lags by @ ean 
Phanoo ya ge sthown in Fig, 14.9 a thet 
when 0, 

Given the general sinasoldal voltage, 

va V sina =, then 


© Amplitude or maximum yal 
(Peak wo peak value 
(ui) Angular velacty 
a 


a js secondls 


(9) Frequency, f=/24 Ha since =24/) 


(ot) g=angle of lag ue lead (compared with 
vsVesina) 
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Probl 9. Aa alternating voltage is given by 
p22 8sin3141 volts Fad (a) the ms volase, 
(©) the requney. and (6) he instantaneous val of 
voliuge when P= ms 


(a) The general expression for an altemating voltage 
{s1=Vgsina=6). Comparing 

212'Bsin314 with his geneal expression 

the peak yltge as 282 8V. Hence the ns 
707 x maximum value 
0.707 828=200V 


(0) Angular elocty, w=3t4eadls Le. 24 
Hetee frequen. 


2828s 10-4) 
2689 


242.8256 


[oe] 


= 7196" 


Note tha 1.256 ain 


Hence »=242.80 71.96" 


4.9 V. as aove 


Problem 10 An altemating vollage is gven by 
= 7Ssin(2007— 0.25) vols Find (a the 
amplitude, (b) the peak-to-peak vale, (c} he ens. 
“alu, () the perio ime (the ryuncy acd 
(fhe phase angle (in depees and minutes) ative 
1 75sin2000. 


Comparing w=78sin(2001 0125) with the general 
exqussion v= Usa =9) ge 


(a) Amplitude, or pea value=78 

(©) Peak-to-poakyalue=2 «75=150V 

(©) Thetas value =0.707 » maximum value 
0707 «75=s3V 


(6) Angular velocity, 
odie ine, 


200 ris Hence pes 


1 
Apatite or toms 


(Phase sagt, 
Ss 20047 


0.25 radians lagging 


.25cat 


as 


i uae 


Hence pase ang 


‘Peflem 1 Analtemating voltage. has a 
periodic time of 0.015 and peak value of 40V. 
‘When tines zero, v= —20V. Express the 
‘nstantancous voltage i the form 
tila 8). 


4.32 lagalag 


Denee angular velocity, 


200 ral 


Phas an (20048 —£) 


Problew 12. The curentinan ae, cuit wt any 
tum r seconds ven by 
{= 120sin(10021-+0-36) amperes Find (a he 
peak vale the periodic tine, the eguency ant 
fase angle lative vo 120i 1004 (b) the value 
ff the eurent when 10, eth value ofthe 
urea when = Bias, (the time when the cueat 
fist eaches 6A, and fe) he tine whe the eutent 
it a maxi 


(a) Peak value= 120. 


Pesodic tie 7 


Frequency. / 
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20.63" leading 
» 


120iai0 +036) 
12052063" = 423 


fe) When rns, 


ni) 


= 12065029738 
<3 

(d) When }=60A, 60=120in(100n1-+0.36) thus 

in 00 +036) 0 tha 

(1097 +036)—sin-"05=30" 

fads =0 52¥6 ra, 

Henge time, 
5236-036 
7 


=os21ms 


(e) When the curem isa maximus, 


20, 


Thue |20= 120sin(100%7 +036) 
1 =siactv0r +036) 
(100 $0.36) = sia" = 00" 
= (r/2)eas 
= 1 S70 


Ls708 036 
Tr 
ora practical laboratory experiment om the use of 
‘he CRO to measure vole, frequency and phase, see 

Chapter page d2. 


axsm8 


[Now ry the fullowing exercise 


Exercise79 Further problems on 
asin lute) 

1. An aerating yotage ic represented by 

sin 157.11 Vols ind (a) the maxim 

‘ale (b the feguene () the ptidic tine 

{a What isthe angular velocity ofthe phasor 
representing this waveform? 

Ta} 20 (0) 25H) 04s 

(a) 157d 


Find the peak value ther alu, tho fe 
quency the pte ue and he phase angle 
indore) ofthe following aerating quan- 
tikes 
{a} 9 =90sin dbs vols 
90.63.63, 2004, Sis, 0°), 
() (=S0sin 001 +0.30) amperes 
[0A 35.5A, SOF. 002s, 
17.19 bead 
200sin(6284¢ 0.41 volts 
[200 141.4, 100.001, 
2340" lag] 


‘A siosoida curent has 8 pea value of 
SOA and froquency of 6012 At ime 1=0. 
‘the cunt vero, Expres the instantaneous 
cent inthe for 


An atenaing voltage v has peo tine of 
‘mien and a auxin value of 200V. When 
time 75 volts Deduce a snussidal 
expression for wand aleich one ycle ofthe 
voltage showing important points 
[=200ssa(100% 0.388) V) 


‘The voltage nan alernatag cure cuit at 
any me seconds i gven by «= 60s 
‘oll. Find the fast ime when the valle ie 
(@)20V 0) —30¥. 

Ta) 896m (9) 91.685), 


fe eres gee 
‘ick tay tnt acon ge by 
oe 529)¥ Ps 
{ste porgak vagy, he gency, 
pe peta 
() te vlige when =0 
(ete vlnge when = 
(0 ts fit yew he 
sotuge sO 
Ge) te tines Inthe it ple when te 
tose 0 
(0 th ti wen he loge ma- 
Stet he cre fr aoe te hing mle 
int 200 V. 25 Hz, 0.045, 29.97" lagging 
(by 1995 (0 6a (786m 
19.6) 289504 40.108 
onsen) 
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14,7 Combination of waveforms 


‘The ejultant ofthe addition (or subrxton) of 140 
sinusoidal quantities maybe detemined eer: 


(@)_ by ploting he psidic functions apically sce 
wotked Problems 13 ad 16), oF 


{h)byresotution of phasors hy drawing elelation 
(Goo worked Problems 4 and 15) 


amperes 
plowing and onthe same aes sing the same 
scale over on eel, and adding oinates at 

{tervals obtain a sinusoidal expression fo +2 


4 =20sinor and /, = Osi 41/3) ae shown por 
ted in Fig. 1410, Oninates off and i ate aed 
Sy. 1° neva (a pai of dividers ee sel fr thi 
Forexample, 
ait 
160". i+ 


stone) ao 
rr rr ee) 
Sniwteg) tab Gate 08 


se Noaaang) Bee 


yetoamee+§) 


“The resultant waveform fry +H isshown by the bro 
en ine in Fig. 1410. Ihas the same period, and hence 


Hoqueney. as rand. The amplitude r pea valu is 
2658 

“Tae resultant waveform ead the curve 
195 be (195/180) rads 0.332 ads 
Hlnee the sinusoidal egpesion for the west y+ 
is given by: 


sine by 


in mints = 26Seinlut +0380). 


Problem 14. Two altemating voliages ae 
represented by v1 =S0sin ar Volts and 

|siatus — 7/6) Dra the phasor diagram 
sau find, by calultiona sinusoidal expression to 
represent 1 bie 


‘Phasoes ar usually drawn atthe instant when tne 
"Thas ois dew horizontally 50 unis long and is 
raw 100 units long lagging va by’ ras, i, 30" 
“Tiss shown in Fig. L.11Ga) where Oi he point of 
tetation af the phasors, 


Figure AL 


‘Procedure to dea phasor diagram to wepresent + 


(0) Draw oy orizoaal 0 ant 


tie 
(i) Join os to the cad oF atthe appropiate angle, 
Le abot Fig. M110), 


id) Theresutanton vs + es givenby thelegthob 
and tsphase angle maybe manure wih respect. 


long, ie. 0a of 


Aemaively, when two por ae being alded the 
‘esulantis lays the diagonal ofthe pllelopra. 
shown ia Fig 14.110, 

From the drawing. by measurement, on =145 V and 


angle ¢=20" lagging 
‘Amore accurate solution is olsined by calculation, 


‘sing the cosine and sine rules. Using the eosine rule 
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ial Oab of Fig. 1.110) gives 


ef-ted —2uescos 50” 
50° + 100% 2180) 100) cos 180 
2500+ 10000 — (864) 


JIT = 1355 


Using te sine ele, 


0 uss 
mF 
Lonsin tsi 

from which sing = ES 
=036 


in 10.3436 


Sradians an as Hence 


oe =e tor ESsin(wr 038) 


robles 15, Find sinusoidal expeession for 
(i+) of Problem 13, (a) by desing phases, 
(yby eaeulation. 


(0) The telaive postions of (and fa tie 
ae show as phasors in Fig. 14.121, The phasor 
Siagam in Fig. 14-210) shows the rsa i 
fig ir measured a6 264 and angle gas 19° or 
O13 ade ending 


Hence, by drawing, jg =26sinr+ 0.33) 


an f 
° 
rows 


(©) rom Fig. 14.120), bythe cosine ue 


20° +108 2(20)10)(08 120") 


By the sine rule: 


“10 2646 
Sng ~ mer 
19.10" (Le 0.33ea) 
Hence, by calculation 

in 


from which 


A6talar +O883)A 


Analtemative method of calculation ito usceom- 
plex numbers (sce Engineering Mathemane 


Then + 


saw + 105ia(o0 +2) 


020+ 10a 

socer +1020" 

=004/0 +054 160 
25-1806 

264610106 264620380 

= Metbana +0.309.4 


Probie 16. Two almating vlages ae piven 
by ej=120sinat voltsand = 200sa(at 2/4) 
‘ols Obtain sinusoidal expressions ors) — #2 
by plating waveforms and (b) by resolution of 
hss, 


() = 120sinar and v5=200sin(at— 1/8) ae 
‘how pleted in Fig. 1413, Cae mnt fe ken 
‘when subtracting values of oadinaes expecally 
‘when at east ane of the ondinaes ie negtve ot 
example 


230% 9) 


th 


igor ts 


‘Tae resultant woven, = 
the boken linen Fig 13-13 The mau value 
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of mi 143 Vand the waveform is seen wo lead 
by 90 ie, 73 rans) 
Hence, by drawing, 


0 Hp $1.73) ots 


(©) "The slave positions of wand sy ae shown at 
time 10 ax phasor in Fig. 14.140, Since the 
resultant of Wy faq, —1 s daw ia 
the opposite dvection 1+ and ix showa by the 
‘okt line in Fig. 1418. The phasor digram 
‘with the resulant is sbowa i Fig 4.140) whore 

ied phasrially vo 


” 


igure Hd 


By reson 


Sum of horizontal components of oy and 
2conP 2000085" = 21 42 


‘Sum of venical components of 
1200" + 200sin4s— 141 
From Fig. 14. 14(0) resultant 


and 


tans 013 
fiom which, = tan! .6013 


=n 


and 


= 98.61 oF 1.72 ain 


Hence, hy resolution of phasors, 
y= 0) Hp MA Oslofat +1721) yalts 


(8y complex umber 


p= on 2 = 12020 —200, 


= (1204 )0)-c4h 
21424 La 
MR02986I° or 183.921.724ead 


satay 


Hence, a= 01-0; MBO sin(or +1.721) ylts) 


"Now try the following exercise 


xercised0 Further problems onthe 
combination of periodle 
funetions 


1. The instantaneous values of two akemat 
ing voltages ate given by 11=Ssinot and 
te=Ssinlad 2/6), By pling vs and 
tthe same aes, using te sane scale, over 
tne yee, abi expressions for (a) +42 
nt) 812 

{a)  +42=126sin(or ~032)V 
(0) e=hdsinior $2)V) 


2 Repeat Problem {using calelation 
Tia) 1258sin(or ~0.324) 
b)4.t4sinfar +2.00)) 
3. Cosmet a phasor dageam wep. 
resent lyf where i=12sinat atl 
=1Ssinjat}/3)- By measurement, or 
hy calculation, fad &siusoidal expression 

tw eepesent i bs 


[23.435 +.0588)) 


Desermiae, citer by ploting graphs and 
adding oninaes at irate, cr by call 
Hin, the following pride funtions inthe 
form v= Visit 6) 


A Wsinar + sinfar-+/8) 
[13.14sinau 40217) 


5. SOsinar-+7/3)+S0si(ae —/6) 
[P4.ssifan +08 

6. 10sinut—70sines—/3) 
[nse 40751)) 


7. The voltage drops actos two compo 
ents when connected in series actos 
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tn ac. supply ate 6 —150sin0314.2r and 
‘5 =DOsin (314.21 —25) vols respectively 
Determine (a) the vollage ofthe supply. in 
trigonometric for, (b the ans. vlueof the 
supply voltage, and () the fequeney ofthe 
sup: 


1i2)229 sind 2r—-023V 
(0) 161.9 Ve) 30H} 
4 tthe supply wo aceite 25 wn 628-37 volts 
andthe vltage drop across eof the ome 
ens is 18 sin (628-3 -052} volts calculate 
(a) the voltage diop actos the remainder of 
the ici, (the supply fequency aed) 

the periodic time ofthe supply 
[a 12.96 sin28- 4-076) 
(0) 1008826) 10m 
9. The voltages actos thee components in 
series cect when connected acon an a 

supply a: 


1 = 30s (sone 2) so, 


xn (2000442) vosand 


soxin (3001+) vot 


Calculate the supply voltage in sausodal 
form, (b) the feguene ofthe supply. (the 
perlite, an) the ms, value ofthe 
sup: 


110)9739 sn0091+0.0.0V 
(0) {50H (e) 667m (635 V] 


148 Rectificat 


‘The press of ohaining unldivetioalcurents an 
‘oliuges om altematingewtets and voliages sell 
‘ectieation, Automatic switching nee isacheved 
‘sig diodes see Chapter 11), 


Half-wave rectification 


Using single diode, D. ay shown in Fig. 14.15, alt 
‘wave recilation is obtained. Whea Pic sunny 
postive with eapect ta Q, dade D sawitched and 
urea i ows When P is nepaive with expect 10 Q. 
inde D ic itched off. Transformer ioates the 
‘suipment tom dueteonnection withthenaas soppy 
fd enables the maine vole ta be change. 


o 
Pept 

eo eH our 
I =a 


Vigere Mas 


“Thus, alternating, sinusoidal waveform apie 
‘he teansfemer pray i rected ito unidetona 
swavefoan. Uafrtunately. the output wavefoen shown 
{Fig 14.15 isnot constant (ese) and as such, 
‘would beunsutaNe asad oversupply for electowe 
equipment It would boweve, be salsTatry asa 
tery charger. In section 144, nethodsof snoring the 
output waver are discussed 


Full-wave rectification using a centre-tapped 
transformer 


“Two diodes may be used at shown in Fig. 14.16 to 
bain full-wave retieation whee a cenretapped 
ttansformer T used, When Ps suicienly postive 
with expect tn Q, ode Dy comets an current Bows 
(Gow the bskea ine nip 14.16. When Ss pos 
sive with respect 10 Q. diode Ds conducts and cute 
‘ws (showa by the continuous line a Fi. 1416), 


‘The current Nowing inthe Toad is in the same 
lction foe both hal eycles ofthe apa The ourpat 
‘wayefonm is thus a shown in Fig. 1.16. The outpts 
Unidiveciondl but sno constant however, beter 
‘han the output waveform produced with 3 hal-wane 
‘sci, Sexton 14.8 expan how he waveform ay 
be linproved 0 81 be of more we, 

‘Adisadvamtagec this type of elieris that cente- 
tapped tansfoomer are expensive 
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Full-wave bridge rectification 


Four diodes may be used in a bed rectifier circuit, 
ar shown in Fig. 14.17 10 aban fllewave retifea- 
Hom (Nove, the em "bridge means sewed a fut 
ements connect 1 frm squate, the input being 
‘pplied 18 1wo opposite comes and the output being 
taken fo he retaining two neers.) As for there 
tier show ia Fig. 416th cumeat dowing ia oad 
isin te same diction for both hall-eycles of the ipa 
ving the ouput waveform shown, 


Rollo the broken ine ie Bg, 17 
‘When Pis postive with espe to, current Hows from, 
‘heteasfamert point Usoush diode D, to pit F 
‘hen though load to pot H,Utough Ds to pa. 
and back othe transformer 


oli the ful ine i Fg. 1.17 
When Qis postive with spect WF, eurent Bows rs 
‘hettasforter wo point G, tough diode Dy 19 pit F 
‘hen though lad Ro pot H, dough Dy wo poi E, 
and back tothe ansorner. Ta output waveform iat 
Steady and seeds improving a method of soothing is 
‘explained in the nest section 


14,9. Smoothing of th 
output waveform 


tified 


“The pulsating outputs obtained from the half and full 
wave rect crcite ae aot suitable forthe operation 
‘oF exuipment that requites a steady de, ouput, sich 
1 would be obiained from bates. For example, fe 
Applications such as auio equipment supply with 
Sage vrations unacceptable since produces “hum 
inthe output Smoothing tbe process nf emu the 
‘wurst ofthe ouput wateoen arations- 


‘To smoath ou the pulsations a large capacitor. Cs 
connected ass the output the rection ae sowa i 


Fig. HAR the eet ofthis btn main the ouput 
‘olage at level whichis very sear the peak ofthe 
‘output wef. The ipoved waveforms foe hall 


RF om] oft 3 


(a) Hata acter 


ange areca 


(0) Fatwa eter 


During cach pulse of ouput vollage. the capacitor 
( chuges to the same potential as the peak of the 
‘waveform, ax shown as pot X ia Fig. 1619, As the 
‘Waveform dies avay, the capacitor discharges across 
the oad. as shown by XY. The outpu voltage i then 
festred tothe peak Value the next tne the eet 
conducts, as shown by YZ. This proces comics a 
Shown ia Fig. 1419 

‘Capacitor Cis called a reservolr eapacitor since 
‘stores and releases chage between the peas of the 
rected waveform. 

“The variation in potential berwcen points X and Y 
i called ripple, as shown in Fig, 1419; the abject ix 
{0 reduce ripple toa iain. Ripple may be reduced 
te further by the addition of inductance and another 
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ns 


Figure a 


capacitor ina fer” cist arrangement, a shown in 
ig 1420, 

“The ouput voltage from the setifis applied 10 
capacitor C, andthe vollage across points AA isshown 
in Fig. 14.20, sinilar to the waveforms of Fig. 1410 
"The loud eurent Hows tough the inductance L: when 
cutout is changing. eam. ae induced as explained 
in Chapter 9. By Lenz’ lathe induced voliages wil 
‘pose thos causing the cre chans. 

"As the ile vollage increases andthe load current 
increases, the induced eu inthe inductor wil oppose 
the increas, As the ripple voltage falls and the Toad 
‘tien falls he induced ef, wily to manta the 
‘ent flow. 

The vollage sross points BB in Fig, 14.20 and 
the cutent in the inductance at almost ripple. A, 
funher capacitor, Cs completes the proces. 

For a practical aboratry experiment om the use of 
‘the CRO witha bridge vein cri, ee Chaper 24, 
age a3. 


‘Now try the following exercises 


Exercise61 Short answer questions on 
alternating voltages and 
currents 


1. Beety explain the principle of operation of 
‘the simple altemator 


2 Whatismeaat by (a) waveform (eye 


3. Whats tedilernce between analemaing 
anda unidirectional wavefonn? 


4. The ime wo complete ane cyte a a wave: 
foo cll the 


5. Whatisfequeney? Name iteunit 


(6. Themains supply vollge haa special shape 
‘fwavefonn elle a 


1s 


. 


Define pea value 
‘What is meant bythe zs. yale? 


‘The domentic maine electiciy voltage ia 
Gist Beitin 
‘What isthe mean value of sinusoidal ale 


satng ef which has a manimun value oF 
Mov? 


‘The effective valu ofa sinusoidal waveform, 
igs mat yale 


‘What ie phasor quanti? 


‘Complete the statement 
Ete igs er ea it 
wave, fon far 


Complete testament 
Peak Fctoe= sco Paco td fr sn 
wave, pak fact 


A. sinusoidal cuneate given ty 
Iq sin(atzu). What do the symbol, 
asad epost? 


How i switching obtained when converting 
actode? 


Draw an appropriate circuit diagram suitable 
for half-wave festfeations and explain is 
operation 


‘Explain, witha diagram, how fll-wave rec. 


tieaion is obtained using a cente-tapped 
manors 


‘Explain, with a diagram, how fu-wave ree 
tinea s obtained using a bide eter 


‘Explain simple method of soothing the 
output ofa etter 
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Exercise £2 Mult-choice questions on 


alternating voltages and 
currents 
(answers on page 420) 


‘The value of asahemting cuentatany zen 


@ 
% 
©, 
@ 


‘maximum value 
peak value 
‘instantaneous vale 
anes, vale 


Analtratingcutentcompletes 1Weyclesia 
DL. tegen i 


ro) 
@ 


aon ) 00H 
oon (@) tte 


1a Fig 142, at the instant shown, the gener 
sed an wll be: 


« 
i) 
© 
@ 


saems. value 
sn ayeage value 
=‘ eaximun value 


Ff 


ay 
= 


i] 


igure oat 


The supply of electial energy fora consumer 
‘sumally by ac. boca: 


a 
» 


© 
wo 


Teanwniion and disibuon ase more 
cally elected 

48 is mon stable for variable sped 
the ol drop in ables init 

cable power losses ar negligible 


Which o the following statemes is fase? 


a 
o 


@ 
w 


Wis cheaper to use a, than de 
Distribution of cis more comenient 
than with di, xnce volager may be 
‘eal altered using tansormers 

‘An alierstor isan te, genertor’ 

‘A ctr changes de. a 


i 


[An allematiag voltage of maximum value 
100 is appli oa lamp. Which a the fl 
lowing det vliages. i apie to the lamp, 
‘would cause the anp to light withthe sane 
eile? 

( i00y. oo) Iv 

(@ mav (@) lay 


‘The value sonmlly sted when eferting 1 
sltmating caren and voltages isthe: 

(@) instantaneous value 

(0) cans. yale 

(@) average value 

(a) peak value 


‘State which of tbe fllowings fie For asine 
(2) the peak factors Lad 

(h) the ras. valu is 0.707 peak value 

{e) teaverage value is 0.657 xeams value 
(@) the form ctor is 1 


{An ac. sply i707, SOE. Which of the 
Following trent is ase? 

(4) The pevodic time is 20m 

(hy The peak valu ofthe voltage is 70.27V 

() Theta, yale ofthe voltage is 70.7 
(a) The peak value of the voltage i 100 


An altemating voltage is given by 
00sin 307-030). 

‘Which ofthe fllowing statements iste? 

(4) Thera, voltage ix 100V 

(0) The periodic time is 20m 

(e) The teguency is 25H 

(G) The usage steading 
O30 radians 


losin by 


‘The numberof complete cycles of an ake 
‘ating cument cccusing in ne second is 
known as 

(4) the maximum value of the altemating 
(0) the feequeney ofthe aerating cuseat 

(6) the peak yalueof the alternating eurent 

(@) thet. or effective value 


A rectifier conducts: 
(a) divect current in one direction 

(b) altemating cures in ne diection 
(e) disect current in bth luetions 

(@) altemating cuenta oth dtctions 


‘Tis sevision test covers the material contained in Chapter 13 10 14. The mart for each question ave show i 
racers the end ofeach esto. 


1 


Find the cuter foviag ia the SO resist ofthe 
‘cult shown in Fig- EEL using (a) Kachhol's 
laws.) he superposition theorem e) Teva's 
theorems, (a) Nou’ theoren. 

Demonstrate thatthe same answer reals fom 
‘each method. 


wa Sy 
2a] he 


Find also the cutent flowing in each of the other 
to branches ofthe cite en 


2A de. voltage source as an intemal resistance 
‘oF 20 and an open cree voltae of 24, State 
the value of fod resistance that gives minus 
power dissipation and determine the vale of his 
Power 6 


3. A sinusoidal voltage has a mean yalue of 0A. 
Dewanine macnn. values. (4) 


4. The instntaneaus value of curent in an ue, 
‘Gteult at any tine F secoads is given by: 
‘S0sin(100#1 (4S). Detennine 
(a) the peak tp peak current, the fequenc, the 

pod time andthe phase angle (in degrees) 
() the caneat when 
(6) the cstem when = Bins 
{) the ts ime when the voltage isa maximum, 
Sketch dhe curteat for one eyee showing eelevant 
points. dy 


Single-phase series 
a.c. circuits 


| Ath end of his chapter you shou be able to: 

daw phasor dagrans and curent and voltage waveforms fr a} purely resisine (b) purely indctive and 
(ci purely captive a, crits 

‘peso calculations involving X; =25/L and Xe=1/(2xfC) 

= Gea cteit diagrams, phasor diagrams and yoke and impedance triangles for R-L, AC and R=L-C 
series, cults and perform calculations using Pythagoras’ theorem, wigonomsetic tation and Z=V/7 

understand resonance 

“¢derive he fms fo resonant fequency and use tin calculations 

understand Q-factor and perform calculations using 


Nalor ved 
7 


20 ee 
nce 


perform calculations involving (ff) 
Understand selectivity and typical values of Q ator 


‘appreciate dat power Pinan a. circuit is piven by P=VIcox@ or (2 and perform calculations using 
these formula| 


understand rue, appurcot and reactive power and ower factor and pesform calculations valving these 


1m purely inductive cieut the opposition to the 
ow of altrating cueat is called the inductive 
eacanee, Xt 


‘quantities 
15.1 Purely resistive a.c. circuit 


1 a purely resistive ae. lve, the curent fyand 
applied voltage Va in pase, Soe Fig. 15-1 


15.2. Purely inductive a.c. circuit 


tna purely inductive, ecu, the cure tar the 
applied voltage V, by 0° (ke, /2eads See Fig 15.2 


where f ise supply fequenc, in hertz and L isthe 
{inductance a hey‘. Xi ispropotonalio / as shown 
nig. 153 
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, 
A fa 
4 ¢ 7 
Me J 
ait Prasr cunenand enue 
ga dagen ena 
Figure 15 


sao 


ret Phaser 
gam damm 


TS 


Figures 


Problemy 1. (a) Calculate the reactance ofa coil 
of ndutance 0.32H when tix competed oa 
‘50H supply. (b)A coll has a eactance of 1242 
lect witha suply of fequcncy SKE. 
‘Detenine the inductance ofthe col 


(a) Inductive reactance, 
¥y =2n fl. = 25090022) 
() ‘Since X, =2"/2, inductance 


Xi 
27 TsO 


smth 


Problem 2. coithas an inductance of 40m 
an negligible esistance- Calculate is inductive 
‘eactance and the resulting cute if connected to 
(2) 240. SOF supply. and ba LODY, Lk 
ply. 


(2) Inductive reactance, 


Xe 


fe 
=24(50)40. 10-1) = 2579 
vw 
ws 


Curent, = 


(0) Inductive tester, 
aXe 


Cuca 


15.3. Purely capac 


Ina purely capacitive ac. ctu, the curentfe ead 
the appli voltage Ve by BO" tLe. /2rads). See 
Fig. 4 


fry 


1m a purely capacitive cireit the opposition tothe 
‘ow of alternating eunent is eae the capacitive 
reactance, Xe 


Yet 


MoT aage® 


ete C is the capacitance in fara 
‘Ne varies with requeney f as shown in Fig 185 


Xe 
Po 


7 
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Probluat 3. Detennine the capcve reactance of 
capacitor of 104 when connected toa cuit of 
‘Hegucncy (a) SOE (b) 20K 


G2) Capaciive reactance 
L 
Kemi 
L 
EEO 
wo 
Pony 
L 


mre 


sus 


1 
Ess 


a 


To TH 
7968 


Hence athe ftequeney is icteated from SOHz 10 
DORE, Ne decreases from 318.32 10 0.70602 (sce 
Fig 155) 


Probes 4, A capacitor asa reactance of 4002 
‘when operated nu SOHa supply. Determine he 
talus of capacitince. 


e= 


capacitance - 


co) 
ww 
pony 
=158KF 
Problem S. Calla the current taken by 3234 
‘apacitr when connected toa 240, SOE supply. 
% 


curens p= 
Xe 


anjev 
2n(80)23 «10-2 
738 


vi, 


‘The relationship beween voltage and cateatfor the 
inductive and eapactve ewes can he summed 
sing the wor "CIVIL, which presets the followin 
Tnacapacitor(Cthecurret (1 sahead ofthe el 
age (V), and the voltage (V) is abead of the current 
(1) forte inductor (L) 


[Now try the following exercise 


ercise3 Further problems on purely 
‘inductive and capacitive 
accrcults 


1. Calle the reactance of call of 
Indsctance 02H went iseoancted 0a) 4 
SORE, (bs 600H2, and e) a AOE supply 

la) 62889 () 7540 (6) 30.2740) 


‘coll asa reactance of 1209 ina circuit 
With a supply frequency of 44H. Caleulte 
the inductance ofthe col, (4.77 el] 


3. A.supply of 40, S02 isconnected rss 
‘pure inductance andthe reulting curent is 
ZA, Calelate the inductance ofthe ci 

qossrey 


4. Ameams. of 200V at frequency of 2H is 
‘applied to a coil of pure inductance Om 
Determine (a) the weactance ofthe ol, nd 
(hy the current Rowing inthe co 

Tia) 6260214) 0318 


5. A 120m inductor has a SOMA, Like ater 
‘ating curren flowing trough it Find the 
pa cron the inducer 177) 


6 Calculate eapaitivereatane of acapue- 
horof20,F whenconnectedtoanae eet 
‘ffeguoney (a) 20H, (h) SUDHA 

Ta) 397.02 (b) 15 92046} 1.989.) 


7. A capacitor bas a reactance of $092 when 
‘onnecte to SOF supply, Calculate the 
‘ale oft capacitance B979KE 


Single phasestriesaccrcuts 229 


4. Calculate cumenttken bya 10,Feapac: 
tor when connectedt0 4200, LO0Hz supply 
[astal 


9. A capacitor has a capacitive teactance of 
‘40062 whe connected ta 100,25 He p= 
ply. Determine is capacitance an the cutest 
‘ken ron the supply, [15.92uF, 025 


10, "Two snr capacitors are connect in pa 
allel 4200, kit supply. Find the value 
fof each capacitor if the iveult cute is 
00084, 1025, 


15, 


R-Lset 


1h an ac cteit containing inductance andrei 
tance A, the appli yoluge V i the phasor sum of 
Vy and V, (60 Fi. 15.6, and thus the cute / lags 
she applied voltage V by an angle ying between (and 
‘90° (depending onthe Value of Vz ad Vi). shown as 
angle @ In any a serie cigcuitshe curen iscommen 
to each component and is thus taken asthe reference 
phasor 


From the phasor diagram of Fig. 186 the “ol 
‘wlangle’ is derived. 
For the R= creall: 


v= \VEFVE thy Pythagoras” eo) 
ond 


tand= * by uigosomeri eis) 


‘an ac. cect the ati appli Voliage V to eurteat 
1igealled the impedance, Zi 


each side ofthe voltage wianglein Fig. 1. ievided 
by curent then the “impacting derived. 


Fur the R-L dreat: 2 = [A+ Xf 
Ms 
tang = 
Me 


sad 


Problem 6 Ia sevios RAL cect the pd across 
the resistance is 12V and the pd cross the 
inductance Zs SV. Fi the supply oltage andthe 
phase anple between current and voltae, 


"rom the volte tangle of Fi 156, supply volage 


(Note that na, cites, the supply voltage is mot he 
ssihmetic urs of the p's acroae components. Iii 
ac the phasor sum) 


(Lagging inersthatthecuzeatis "bead the votiage, 
Snes pluses revolve anticinekwise) 


Prubiein 7, A coil as a resistance of 4 and an 
Inductance of 95S, Calculate a) the reactance, 


(2) Inductive reactance, 
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(b) Inpetanc, 
z 


(e) Curent, 


"The ciel an phasor diagrams a she voltage and 
Impedance wiangles are as show in Fig. 158 


= 3687" laguing 


Probes Aoi tales x cunen of 2A froma 
12V de. supply. When connected to a MOV, OH 
‘supply the cures 20, Calculate the resistance, 
“npedance, inductive acne and inductance at 
the ail 


Resiance 


= de votiage 12 _ go) 


Teament 
Inpedance 


Since 


a= E 


x =VEP wos90 


Since. 


J, inductance, 


"This problem indicates simple method for Hang the 
Inductance of 3 coil, Leds to measure the euent 
when the col is connected 10 a de. supply af known, 
olige, and then to repeat the process with an ac 
suppl: 

ora practical laboratory experiment on the mea 


surement of inductance ofa cll, see Chapter 24, page 
wn. 


Problem 9 A coll of inductance 318. 3m and 
ncpligibesesistance i connected in sees witha 
200 seit 10.4 40 SO suppl. Calculate 
(@)the inductive reactance ofthe cal.) he 
Smapedance of the cieut, the carseat ia the 
leu (the pd across each component, a 
(e)the cuca phase ange 


L.=3183mH=0.3109H, 8-200, 
240 and f=S0He 
“The circuit diagram is as shown ia Fig 15 


(a) Inductive reactance 


X= 2a. =24(50)03189) 
(0) Impedance 
2 (POE 
= FTO = 2369 
(6) Case 
v_ 240 
4-2 tonsa 


(8) Thepad.acsossthecol, 


Wea oe = 1073 x 100= 1073 


‘The pd seus theresa, 


vem 


073 x 200 


16y 


IEF TOTS = 20, 


enesks VEE 
the supply voltae] 


(6) From the impedance ange. any 


=) 


Hunce the phase angle p= 2657-laguing 


° 


aot Me 
® 


Problem 10. A coil consists of a resistance of 
1002 anda inductance of 20000. 

alternating Voltage, even by 200 sinSO0r 
‘ots applod across the cll cael a) he 
siecuitimpedace. (b) the cutent owing (c) the 
actos the esistance, the pa. cross the 
nda, an) pas ag een ope 
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200in500) olts then Va 
S00sals 


Hence ems. voltage 


v= 0707s m= thay 
Inds rcae, 
mem 
ol = 5005200 10-*= 102 
(0) tnptace 
22 
= Vio = tana 
(6) cart 
pata ay 


(2) PA acre the resitance 
Ve == 1 100= 100 


a, crys the inductance 


% 100 100 


(4) Phase angle between voluye and cument is 
sven by: 


fiom which, 


ence 


Problumt 11, A pure inductance of 1273 ais 
conpectedin series witha pure resistance of 302. IF 
the frequency ofthe sinusoidal supply is SkHz and 
the pl acron the 3002 esisor is 6, determine the 
‘val ofthe supply voltage andthe voltage across 

‘he 1.273 mH inductance, Draw the phasor diagram. 


‘The ciscuiisshowm in Fig, 15.70) 


Supply voltage, V=12 


ves 


Comat == 5 


egy vet0v 


feson Le1z73MH 


= 


Tey tae 
® ‘er 


Figure 187 


Inductive reactance 


uh 


a(S 5 10°)(L273 10%) 
=92 


Supply voltage 
V=12 = (02060) =10V 
Voltage acoss the 1.273 inductance, 


=m, =102)40 


‘The phasor diagram i shown ia Fig. 15.700) 

(Note that in actu, the supply volage isnot 
she ines sum of te a's aso components Bu 
‘he phasor sum) 


Probes 12. colle inductance 159.2 and 
‘esstance 209s conneced in sees with a 002 
‘esstr io 240, SUH suppl. Determine (a) he 
‘pedance ofthe Ce, (the eure in the 
leu () the etait phase ange (the ud. 
‘fos the 6092 esistr, ad) the pal exo the 
fall (1) Draw the ecu phasor dageam shoving 
allvoliszes, 


‘The cieut diagram is shown in Fig 15a). When 
‘npedances are connected in series the livid esi 
tances maybe added to pve dhe ttl cri essance 
‘The equviea cite is thus shown a Fi. 1580). 
Inductive reactance X.=2afL 


2e(50)(15925 107), 
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2 4402 mt 


(4) Circuit impedance, 


(EPR =i 509 
v_ wo 
(0) Cicutcuren, t= = 2 asa, 
(6) Cui pase angle tn R 
0/80) 
2 aging 
From Fig. 18a 
(8) Va m= (2544)60)=1826V 
(61 Veon.=1Ze0, where 


12V. 
254420) =S0.88V 


‘The MOV supply voltage isthe phasor sum of Yoon. 
and Vas sho inthe phasor diagram in Fi, 159 


saray Wat" 378Vy.sey 


ure 159 


[Now try the following exerise 


Exercse84 Further problems on RL 
series deus 


1 Determine the impedance of aco which has 


A col of inductance MOH and resistance 
602 is connected to a 200, 100 sup 
py. Calculate the ict impedance and the 
ent taken from the supply. Find also the 
[hue angle between he cured the supply 
votag. 

178.270, 2.5554, 39.95 lapping} 


3. Amalteratng volage given by 
"= 100 in240 volts appli crssacil of 
‘evisance 32 Qandinductance 10a, Deter 
‘mine (a the iret impedance, (the eutent 
Moving (c) the pl atoss the resistance, and 
(the pil acess the inductance, 

Ta) 400) 1.774, 
(S664 (d) 42.48) 


4. A coll takes a cuent of SA fram a 20V 
‘Le supply. When connected 194200, SOB 
‘4 supply the euren is 25. Caleulat the 
(@)resttanee, ()ampedance, and () ind 
tance ofthe cil 

a) 4200) 80(6) 205m) 


S.A resistor and an inductor of weligibe resis 
tance are canected in series tan ac, supply, 
‘The pd. atone the cessor is IRV and the 
fad. actos the inductors 28. Caleulate the 
Suply voltage an the phase angle between 
Sollage und euseat SOV, 53.13" lagging} 


6. Aco inductance 636 6m and negligible 
tesistance i connected in series with 1000. 
resistor t a 250, SOHE supply. Calculate 
(2) he inductive eatace of the coil) the 
‘impedance of the eet (the eaten nthe 
‘nei ()the pl aeross each component and 
(e)the seit phase angle 

Ha) 2000(b) 223.60 (6) LRA 
(2) 2256V, LBV (e) 6.4 lagsing] 


15. 


A-Cserles ac. circuit 


tn ana. mie eel continngcpacance Cd 
resistance Rh appli ola V isthe phasors of 
ead Ye ae Fi 1510) an hush cet! als 
‘te aplied vols V by anal ying berveen a 
‘0 Uepending on he vals of Van Vel shown 
miee 

"nthe pau dag of i. 15.10, the valage 
teangl' iden. 
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gc) a 


ver wierre 


Pigere15.10 


or the RC circu: 


V=\VEFVE (oy Pyagoras theorem) 
ond 


ve 
ne= FE (by igonomenic ratios) 


‘As stated in Section 154, in an, ict the ratio 
applied voltage V tocumen called the Impedance 
Bis Z=V/12 

each aide ofthe voltage ti 
vided by cute then the “npedance tr 
‘eve, 
For the RC cveult: = ENE 


V=MOV and f—=S0H2 The cicit diagram is as 
show in Fig 1510 
(Capacitive reactance, 
1 
ae 


Xe 


mommy 08 


(0) Impedance 2— (EP FXE= VFI 


75039 


©) Cuneat 


1208, 


Phase aagle herween the supply vltage and eure, 
ta H(Ne/R) heace 


wt (224) <msrhatig 


(Leading infers that the curtis ‘ahead of the 
‘oie, since phasors evolve anticlockwise} 


Problea 14. A capacitor € is connected in series 
wth 400 sesso across supply of eguency 
0H Acurentof 3A flows andthe ica 
lnpedace s S02. Calculate a) he valu of 
apueitanc, Ch) the supply voltage, the pase 
‘angle between he supply voltage andere, 
{dhe pl ston the ess and (othe pa. 
Across the capacite Daw the phasor diagram, 


a 
Take Ea 
0) Since 2=V/l thea V=12: 


tan! / 


e) Phase ange, 
‘M67 leading 


(@) Pa. cro sion Vp 


(©) Pa. aso capaci Vo 


“The phasor diagram ie shown in Fig 15.1, where the 
supply vlage V isthe phasor sun of Vp and Ve, 


igare15.11 
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Now ty the following exereae 
re (a) the ciecuit impedance, (b) the current flaw: 


ing, (the pl aton the ess (the pd 
scsoss the capacitor, and (the phase angle 
eewcon voltage and eurea 
(a) 32.052 0) 426A (0) 13548 
(@)113.2V @) 39.81 leading] 


‘Exercte85 Further probleme on R-C 
ae. creults 


1A voltage of 35 is applied azross a C2 
Series cui ithe vile across the resto 
121 Vnd the voltage atoss the capacitor. 


eet 5. A400 resistor is connected in series with 
|12388pF capacitor arose 4 12V a suppl, 

2. AvesitanoeofS0Stisconecte in series wih ‘Detenaie the supply Fequeney ithe eaten. 
2 capacitance af 204 HF supply of 200V, flowing inthe cinutis hima [225KHe] 


WOH ix connected across the rangement 
find (a) the eet inpedance, () the eur 
reat flowing and () the phase angle between 
Solage and cuen. 
1(a)93.98.2(6)2128.(0)57.86° eating BES 


3. A7TA7UF capactor and 4 300 resistor ate 
connected in series across 2 150V supply. IE 
‘hecurent owing is 3A tnd the requeney 
ff the supply, (b) the pd across the resistor 
ad (the pal aso the capaci 

Ta) 16082 (8) 90V fe) 120V] 


A. An alemating voliage v=250.sin 00 vols 
[sapped across a sees cic coatning 3 
SOG resisor and S04 F capacitor, Calle 


R. 


C series a. 


reult 


In an ac sevos circuit comaining resistance. ladue 
tance Land capacitance C the applied voltage V isthe 
fiasor sum of Va, Vand Ve se Fg. 18.12), Vand 
Ve are aat-phas. ie displace by 180". and there are 
tac phasor diagrams possble~each depending onthe 
‘elite values of Yi at Ve 


When 1 >Ne ig 15.120) 


z=\e+0—h 


x) 
PEDANCE TRIANGLE INPEDANCE TRIANGLE 


) ® © 


Nel=Ue) 
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and 


When e>¥4. (ig, 15.125 


2a) oem? 


Xe-% 
sod tana 


‘When 81 =X (Fig 15.12d) the applied voltage V 
andthe cre ae phase. This iad erie 
‘resonance (ae Section 15.7, 


Problun 15, A col of vexsance $0 and 
{inductance 20%H in series with 100, 
apa, connected 1.300 SO suppl: 
‘Calculate (athe cueent Mowing, (b) the pane 
ference between the supply Volage an creat, 
(6) the voltage across the ci and (he volage 
sos the capaci. 


‘The civuit diagram is shown in Fig. 15.13, 


Lvov 


igre 3 
My = Daf = 2506120 10-4 
Xe= st 1 


Beye ~ TEOOEIO 
Since Xi greater than Ye the evel is induative 


we Xe 


s170-3183=5970 


mpestance 


2=VFT 


=F FF=719 


() Curent 


ooue( 
ae 


(©) Impedance of cit 


JTF. 


28032 


Voliageaceoss coil 


icon. 
= 88.91) 8.03)=1480V 


Voom. 


Phase ange of cil 


(©) Voliage across capacitor 


Ve=e= GK91) (31.83) 


Vv 


“The phasoc diagram is own in Fig, 15.14, The supply 
wolge V isthe phsoe sum of Veo a Ve 


Vee = 1400 


Viger 1514 
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Serier-connected impedances 


For senes-connected impedances the total ciel 
impedance ean he eepresnted asa single L-C-R ei 
‘ui by combining ll values of resistance wget, ll 
“alues of inductance together ad all values of capi 
‘anes togeter (remembers that fr seis eoanected 
apactrs 


cy 
For example, the cltcuit af Fig. 15.15(a) show. 


ing thse impedances has an eguivalent cicut of 
Fig 1S 15(b1 


° 


Probl 16. The following te impedances ae 
‘ompected in sees scsoss a 40, 20LE sup: 
(amsistane of 82, (i) col inductance 
1BO,E and 52 sistance and (i) 100 esse 
in series with 2125 uF expat. Calcul (a) he 
‘drei cumen,b he crit phase angle snc) 
the vllage drop across ech inpoance 


‘The cet diagram is shown in Fig. 15.16(a, Sine 
the ol evel esistance is 8-+5-+ 10, Le. 250, an 
‘auialet cei apr may be drawn ae shown i 
Fi. 1516). 

Inuetve reactance, 


Xp =2efl=24020 » 101(130 «10-4 = 163 
(Capacitive eactance, 

fl t 

Be Rows 


13a 


Xe 


0 oy 025uF 


wyeK 


Since Ne> Xi, the cnc it capacitive (460 phasor 
diagram in Fig. 15.1200. 


Ne Xy=3183— 16.34 


isa90 


(a) Chwuitimpedance. 2= VIET MLE 
VET Eae 


(Cait cue, = V/2—40/27.73=1AH2A 


From Fig. 15.126), circu phase angle 


wn! (252) 


(&) 33.96" leading 


) From Fig. 15.6(0, 
Vann =.= 1184V 
Wels 

=(4 V7 =2464V 
Wate = TORE 
=(4)3339=a81V 


‘The 40V supply vltage isthe phasor sum of Vi, 
Vsand Vs 


‘Problem 17. Determine the p's Vs and V3 for 
the eet shown in Fig 15.17 ifthe frequency of 
the supply is SKE Draw the phasor diagram and 
fence determine the waplyvoliage Vand the 
drut pase angle 
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igure 187 


For impedance 23: 
x 


15 & MPY0.286 10-7) 


ons 


ta = 


(RE 
TRF = 49.18 
san (8288 

ce 


66.0" aging 


a0 


(29) 
= 72.26 leatng 
Fig 15.8 


Pigere1S18 


‘The phasor sumof Van Va givesthe supply voltage 
V oF 100V ara phase ale of S813" leading, These 
values may be etrine by drawing or by eal 
‘on ~ citer by fesoving int hocizotal and vertical, 
componeats or by the cosine an sine rls. 


‘Now try the following exercise 


Exercise 86 Further problemson R-L-C 
ae dreuts 


1, A-AOUF capacitor in series with a coil of 
resistance 81 and inductance HOmHt ie con- 
ected 104 200, 1002 supply, Calculate 
(a) the eet impedance, () the cuter ow 
ing, e) the phase angle between voliage and 
‘urent,() the voltage across the coll, and 
(e) he vote across the pact 

Ta) 13.1812 (0) 157A) $2.65" aging 
Ww) 7721.) 6036V) 


Find ihe values ofvesitance Rand inductance 
inthe cet of Fig 15.19. 


frame 


* 


Figare1519 


3. Thee impedances are connected in series 
scyoss 100-2 supply. The impedances 
compete: 

(i a inductance of 048ml and 22 esi 
Gi) an inductance of S70 ,H and $2 resis. 
tance and 
(Gl capacitor of capacitance 1O}F and 
resistance 32, 
Assuming no mutual inductive effects 
Ietweon the two inductances calculate (a) 
‘the ecu impedance. () the et cent 
(© the cirait phase angle and (he voltage 
tcrose each impedance. Driv the phasor 
aga 
Tle) 1.12. (b) 899A fe) 25.02" tagging 
(d)S892V, 7483, T6A6V] 

4. For the circuit shown in Fig, 1820 detenine 

‘he voltages Vand Vs ifthe supply frequency 
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{is Hz. Dew the paso diagram and hence 
detrine the supply volage V ad the circu 
phase angle 


15.7. Series resonani 


‘Asslaedin Section 154, foran R-L—C series csi 
when Xu=e Fig, 15.121d) the applied voltage V 
andthe cuenta inpase, Thiet salle series, 
resonance At esate: 


Ye 


Ge. the iniwuncizcit impedance pos 
sible inan L=C-R cicuty 


1=V/R(.s-themaximum caren possibleiaan 
Le Rcicut 


Xe, thea 24 f,L=1/2af.C trom 


nd 


inte 


where 


fisthe resonant requency 

The series rete circuit it often describe as 
anv aceeptoreieult since thas is minimum 
impedance, and this maximum current a the 
resonant requncy 

(i) Typieal graphs wf eweeat and impedance 2 
aginst Cequency ae shown ia Fig. 1821, 


Figure 1521 


Problen 18. A coll having aenstance of 1082 
sau a inductance of 12S ms connected in cies 
‘witha 60 capacitor serosa 120V supply. At 
‘what frequency does esonance oscar? Find the 
urea Bowing atthe resonant frequen. 


‘Resonant Fequency 


Se Ie) 


es) 


=" __-aum 


Atresonaace, Nt-=Ne and impedance Z=R, Hence 
cunen,=V/R=120/10= 2A, 


Pmblea 19, “The curent at esonance ina series 


‘E-C-R circuits 100). the applied voltages 
2a ata fequency of 200482 an the cca 
Inductance is 50H, (a) the cveuitesistance, 
sau (bth cout capacitance. 


Atrsonancr impedance Z resistance R, Hence 


v2 
77 Tx 


peat 
Tox 


200 
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(b)- Atretonance XL=Ke ie 


pau 


Bye 


Hence capacitance 


(tant 
ara! 
Co 


0127 UF oe 1.70 


15.8 Q-factor 


Atrosonance if is seal compared with Xy, and Xe, 
{is possible for V_ and Veto have voltages many 
‘mes reat than the supply Vlage (ee Fig 15.121, 
page 24) 


Voltage mugaiieation at resonance 


__doltage acruss (or C) 


s valle 


‘Tis rato is a measure ofthe quality of eeu (as 
resonator of ting device) andi clled the Q-factor. 
Hence 


We _ Mu 2h 


Qc ie Dh 
Ateraively 
Ye_We_Ne_ 1 
tar = HE 
Atroumnance 


Problem 20. coll of inductance S0mH and 
nepligible resistance is connocted in sees with 
‘apaitance of 0.25 Panda resistor of esitance 
1252 acoss a 1ODY, variable fequeney supply 
Desermine (the resonant frequency. and () the 
urea at esonaee. How may times eae than 
‘he supply voltage ithe voltage across the 
reavanees atresoaance? 


(2) Resonant frequency 


= (it) (Ge) 


= 1125.48 or LA25¢ktte 


(0) Cumeatarsesoounce 1=V/R=100/125=BA 
Vollage actos inductance t esoance, 


ne 


bx = (Nef) 


i) 2 (1128.80 9 10 


258 


(Ato, voltage aeoss capacitor, 


Vem ike= 


“EO 
=45355¥) 
‘Voltage magnification at resonance = V/V or Ve/V- 


45255/100—45288 is, at renance, the velage 
‘coat the eactances are 45255 tn 


Probie 21. A seriscitcuitcompeses aol of 
‘essance 20 and inductance mH, and 30) 
‘apuctoe Determine the Q-factor of the eeu at 
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Atresonance, 


(actor nay also have been determined by 


LE 


2h 1 
= RE 


mance 


Problem 22. A coil of negligible resistance and 
Inductance 100ml is connected in seros witha 
‘capacitance of Fada essiance of 10 ston 
SOY, vtable reguency supply. Determine (a) the 
esau fequeny, (the cure a esonance, 

(6) the voltages actos the coi an the capacitor at 
‘exonance, and (he Q-factor ofthe cet. 


(2) Resonant fequency, 


(0) Curent at esoaance 


(©) Vokagescross coil at resonance. 


w 


I 


exp) 


Sy «355.9 100.< 10% 


118 


Voltage scross capacitance at resonance, 


1 
aC 


Eames 


(@) Q-otor Le voliage mugnication at esoaance) 


"Now try the following exercise 


‘Exercise7 Further problems on series 


resonance and Qfactor 


Find he resonant fequeney ofaseies te. ci 
‘uit consisting of acai of resistance 10S2and 
Inductance SOmH and capacitance O05 KE 
Find aso the curentlwing at esonance if 
the supply voltages LODV, 

.INSKtHe 10 


‘The cureat a resonance in a srien L-C— 
2 cicit i 0.2m. Ifthe appli voltage 
2s0mV ata fequency of LOOKE andthe 
‘ireuit capacitance i 0.04 F, ind the cuit 
tessance and inductance 

(1.2540, 63.34 


A coil of tesinance 259 and inductance 
losis connected in series with cap 
tance of O-12)F across a 200V, variable 
FHequeney supply. Calculate (a) the eesonaat 
fHeguene,(h) the cuneat at esonance, and 
(© the factor by which the voltage across the 
reactance is route tha the supply voltage 
Hla) LASSKHe (h) 8A (6) 3651], 


‘Aco oF 0H inductance and 2 este 
iscanneted in series wit capacitor serosa 
200, SOE suppl. Ite curent isn phase 
with the supply voltage determine the ap 
tance ofthe eapacine and the paca ts 
terminals P0261, 39264V] 


(Caeulate the inductance which must be co 

nected in series with a 1000 pF capac 

ve a resonant fequeney of 00H 
skint) 


‘A series cet compeises cil of rsistnce 
20% and inductance anda S00pFeapac- 
ito Detemnine the Qfactoe of the ect a 
resonance Ifthe supply voltage is LS. what 
Isthe voltage wns the capaci? 
{10,150} 
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159 Bandwidth and selectivity 


igure 15.22shows how cutent yates with requeney 
in an R-L-C sels ict AL the resonant frequency 
‘ccirtents makin value shove Alsoshown 
Sethe punts Aan B whet the cutest is 0.707 of the 
‘asim val a feguencis J, and fs. The power 
‘eivered othe cit is 2X, At! 0.707 J the power 
15 (07074)? R=0'5 [Le hal he power bar cuts 
at froquency J The pots eoesponing tf, and 
recall th half-power plats. The distance between 
‘hese pots, Le (Js — scaled the bandwidth 


7b Frenancy 
‘power fo fe 


ani ed 


igure 1822 


maybe sown that 


Problem 23. A ther ate form of series 
L-R-C circuit is designed to operate ata resonant 
fHequency of SKHz.lcluded within the Hier isa 

20m inductance and 102 esistnce, Determine 
‘he bandwidth ofthe te 


(factor at esonance ix given by 


x_n 00) 20 10 
7 
cass 
Since Q,=/(Js— fi) bandwid, 
fi _ 5000 
u-w=4 


oan 


Selectivity iste ability of a eueut wo respond more 
‘wally to signals particular requency to whichit 
‘ued than to signals of eter feequenies. The response 
becomes propeniely weer athe frequency departs 
fou the sesnant frequency The higher the Q-factor, 
thenarower the bandwidth andihe mone selective athe 
leu. Creuits having high Q factors sy, a the oer 
‘9 100 to 300) ate therefore sel in communietions 
feasiaering.& high Q-acor in a series power cieuit, 
has disadvantages in tht tea ead to dangerously high 
‘voltages across the insulation and may result ineletica 
tweallown, 


Fora practical laboratory experiment om series 
‘irets and resonance, see Chaper 24 page dS. 


15.10 Powerin ac. 


1a Figs 15.23(a}-() the value of power a any instant 
‘sven by the prot oe voltage and current at hat 
‘ost, 2 the stantancous power, p=, as shown 
bythe beoken ins, 
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(@) For a purely esitive ac. cicuit the average Inductive reacts, X= 24/2 
power issipaled, Pats pen by: PaVI=PRe= en 
ja watts (Vand 1 being eas. values) Soe snail 
Fig, 152%) cerry 

(hy) Fora purely inductive ae crit, the average Inpedanes, 2= (EAE 


power ze, See Fig. 15230) 


(e) Fora purely capacitive a, cleat, the average 
power zem, See Fig. 1523), 


‘igure 1524 shows cut and voltage waveoems Curent 
fran RAL cecuit where the cureat lags the voluge ‘To calculate power dissipation in ana, cei two 
hy angle @. The wavefoe for power (wbese =e) formulae may be use 

ie shown by the brken line, and ite she, and hence 

vere poster depends a the value of angle 


15.11 Powertriangle 
factor 


‘Figure 15.25(a) hows phasor digra in which the 

curoat/ lags the appli voltage Vy angle 9. The 

Thviznntl component of V is Vcor@ and the vena 

composentaf Vis V sing. each ofthe vitae phasors 

Figure 1524 ‘smulpiedby Fig. 15.25()sobuained and iskaown 
asthe power tangle 


Foran RAL, R-C or R-L-C sts ac. cite the 
average power P is sven by 


tam S-Myg0-Mng 
Vreaxp wats 

a FRats ia , 

ats Pens 
Vand ting ou, valen 
7 a : (a) Phasor dagram (0) Power triangle 
‘ko, Fin the power disipatedin he eso ann 
Power displ, P= 7 whee 1 iste ans. value S517 vttamperes (VA) 


of current, If (=250sinar mA, then 
and ems. caren, 1 
power P= (0.707 <0.250)(S000)=186.2 watts 


0.2508 


Problem 25, A series Geet of resistance 4092 
a inductance 75m is connected 13 HV 
‘SoHE supply, Calculate he power dsipted, 
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True power 
Paver faetar= Tree peer 

Fonarent powers 
For sinusoidal voltages and curses 


P_ Vico 
TT 


ie, 


R 
cosh = Eom Fg. 156) 


‘Theselationships stated above areasourue when cure 
leads vote V 


Problea 26, A pure inductnc x connected toa 
130Y, S082 supply, and the apparent power ofthe 
iret is 300A Find he vale of the inductance. 


Apparent power S=VI 
‘Hence curtent =5/V 
Inductive eacce ¥. 
Since X, =2a/l. 


30/1502. 
A=1S0/2= 750, 


X75 


inductance b= = FS} 


02st 


Probl 27. A wansformzt has ated outpt of 
2UOVA ata power factor of 04, Determine the 
‘ated power output and he corresponding reactive 
Powe. 


VE=200kVA.=200 10" and p=0.8= cose 
Power output P= Vicox# = C200 10°)08) 
lank. 


Reactive power, Q=Vising. IF comp=O8, then 
os 083687 

Hones sings 36.7° = 06 

Henge reaetive power, Q= (200 10")(0) 


120kvar, 


Probes 28, A oad takes SAW ata power 
acto of 05 lagging Calculate the apparent power 
and he reactive powe, 


‘True power 
power fctr= 0.5 


Apparent powers 


Angle p=cos-"0.5=60" 
ence sing =sin60-= 0.8665 

Hence reactive power, 
Q=Vising= 140 10° 0.866156" 


Problem 29. The power taken by an inductive 
ciecuit when eanacted oa 120V,SOHz suppl is 
#400 W an the crrent is HA. Caleulte a) he 
resistance, (b the impedance, () the reactance, 
(@the power factor and () the phase angle 
beswoon voltage and cute, 


(0) Power P= PR hence 


bo 


(0) tpeiance 2= = 


qi 
fe 


(0) Sie 2=/ FF then 

Mi =VESR= VEEN, 

tewepower_ Vieong 

‘paren pow VT 
00 


(Power factor: 


© 


Protea 30. A cieit consisting ofa reir in 
series with capacitor takes 100 wats ta power 
{actor 0.5 froma 100 60 supply Find 

(@) he eure owing (bth phase angle, () he 
resist, (the impedance and) the 
‘pueitance 


(a) Power fat 
hence euent, 


100 
“asm 


©) Power fasor=0.5= cosy hence phase ange 
$e 0.5 60" leading 
(e) Power P=/?R hence resistance, 


P10 


(4) tapedance 2=. 
(6) Capacitive resctnee, Ye= VEE 
VIFF 43300, 


224. 
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Hence capacitance C 


L L 
Ke TROGTTT 
= 61264F 


Now try the following exercises 


Exercise 88 Further problems an power 


ina. crite 


A vollage ©=200sinay Vols is applied 
cross pre resistance of | SK Fad the 
‘ower dtsipated inthe eistr 


1333Wi 


A SOqE capacitor connected to 4 100V, 
200 Hesupply- Determine the tse ower and 
ihe apace powe. (0, 6283¥A1 


A motor tkes a eure of 10 when sup 
plied fr 3 280V a. supply: Assuming 3 
power fctr of 75 lagging find the power 
oaeumed, Find also the cost f runolng the 
foot for 1 week continuously if 1KWh of 
leencity costs 1220p, 

us7sw 23843) 
A motor takes eutent of 12 when sup- 
plied from 2 240V ac supply. Assuming 
power fctorof0 70 agging ad the power 
ancuned. T2016 


A wansorme as art ouput of 1OOKVA 
ata power factor of 0.6, Determine the ted 
ower auputand the conespondingreave 
power ToORW, ska) 


‘A substation is supplying 200KVA. and 
130kar Calculate the caresponlng power 
and power fon THS2kW. 0.56) 


A oad takes SOW at power factor of 8 
lugging Calculate tho appates power andthe 
reactive power. [62SKVA.37-Skvar] 


A coil of testance 4000 and inductance 
(0208 i connected 10475 V-400 He suppl 
Cleat the power dissipated inthe cll. 
(54521 
An BO resistor and a6. capacitor arco 
acted series acossa 180. 200Ha suppl 
(Calculate (a) the cet space. (the 
ren flowing. and (the power dsipated 
inthe cru, 
Tia) 154.920) 0964 (0) 75W] 


10 The power ake hy a seis csc contain 
Ing sistance and inductance is 240W when 
onaested to 2 200, SOE supply, I the 
‘urent flowing is 2A find the ylucs of the 
resistance and inductance, [600,285] 


11, The power taken by a CR sees cnt, 

when connected toa 10SV, 2 SKB supply, 

I O9kW and the cunent is ISA. Caleu 

Tae (a) the resistance, (b) the impedance, 

(e)the reactance, (the eapactance (e) tbe 

owe facto and (the phase angle berween 
Sota and cure 

Ta) 8220) 72(¢)5.7450(d) 11.08, 

(@)0571 (6) $5.18 leading} 


12. Acinalt consisting of aresistorin series with 
tn inductance takes 210W ata power fic 
lor of 06 fom 330, 1OOF supply. Fi 
(a) the current owing, (the cet pase 
gle, () the resistance (4) the impedance, 
fan (6) the inductance 

Ta) TA) $3.13 lagging (e) 4.28602 
(0) 7.1432 () 0.095108 


13. A200. 60H supply applied wo capac 
ite cut. The cuent Rowing is 2A and 
the power disipated is 1SDW,Caeulte the 
‘ales of he essence and eapaciance, 

1759, 2861 WF] 


Exercised Short answer questions on 
‘single phase ac circuits 


1. Complete the following stems: 
(G@) Ina purely resistive ac, cuit the 


curent i... with the voltage 

() Ins purely inductive ac. ceeat the 
sent... the sollage by 
desrecs 

(6) Ina purely capactne ae. citcut the 
sent. he volage by 
ogres 


Daw phasor diagrams to represent (a) a 
purely esisive acs cvcuitb)apurl induc 
Hive ac. cieuit (0) a purely capacitive ac 


3. What is inductive seatance? State the sym 
‘ol and formula for determining inductive 
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4. What is capacitive reactance? Stte he sym 
bol and formula for determining capacitive 
5. Draw phasor dlagrams 10 seprcsent (a) a 
ol having bh inductance and eit, 
fn (b) series capaciive eit containing 


(6. What docs ‘impedance’ mean when refering 
toanac. crit? 

7. Draw an impedance wiangle fran R-L cit 
‘ui Derive fom he tangle a expression 
fora) impedance, and (b) phase angle 

Draw an impedance wiangle fran R-C cit 
‘ui From the tangle derive an expression 
fora) impedance, and (b) phase angle 

9. Whats series resonance? 


10. Desi formula fo esonant feyueney J, 
interns of Land C 


LL What does the Qefacto ina series cic 


12, State thee formulae used to calculate the 
(Q-factor ofa series cic at esoance 


13. State an advantage of a high Q-factor in a 
series high-frequsney circuit 


1H. State a dsadyantage ofa high Q-factor in a 
serie power cuit 


1S. State two formulae which may be wid 10 
‘alcalate power inan a. creat 


16. Show graphically shat fora purely inductive 
‘or purely capacitive ac, cin the average 
powers 2500 


17. Define power factor’ 
18, Define (a) appacat power (by eactive power 
19, Define (a) bandwidth selectivity 


Exercise90 Multichoice questions on 
single phase ac cireuits 
(Answers on page 420) 
1. An inductance of 10mHf conacted seross 4 
100, SOF supply has an inductive eae 


tance of 
(a) Tea () toon2 
(x2 (2H 


1. 


‘When he fequeney ofanaecacuitcontain- 
ing eesistane and indoctance i increased, 
the current 

(a) decreases (B) increases 

©) says the same 


In question, the phase angle ofthe cieut 
(a) decreases (8) increases 

(©) says the same 

‘When te fequeneyafanacctcuitcontain- 
‘ng vesiance and capacitance i decreased 
the current 

(a) decreases (B) increases 

©) says the same 


In question 4, the phase angle ofthe cuit 
(a) dooreaes——(b) increases 

(©) says the same 

‘A capacitor of | uF is connected toa 50H 
‘supply, The capacitive weatane i 


() soma w Sto 


a «@ Yo 
o ® w@ 3 


Inaseriesue crete volte across ape 
inductnce tx 12V andthe voltage across 3 
pre resistunce i SV. The suply voltage ie 
@ BV ® Vv 
ow i 24v 


Inductive reactance results in a cuent that 

(a) leads te voltage by 90° 

4) ss in phase with the voltage 

{e) leads the voltage by x ad 

(2) lags the voltage by 2/2 

‘Which ofthe following statements is fale? 

(a) Inpedanceis ata minima resonance 

() Theproductof rms, current and voltage 
aivesthe apparent powerinanae-cieuit 

(e) Currents ata musinam at resonance in 

‘Appatent power 

“Taepower 

‘The impedance ofa ei, which has a es 

tance of Kohansand an induct of ¥ en 

‘connected across a supply of tequency 

Kine 


@ ives power factor 
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Ga) KY ) xaY 
(RTE) FORE 


1s question 10, the phase angle between the 
cuenta he appli voltage given by 


cis gee 
tat 0) at 


mt a) (2) 
TERY ¥ 


‘When 1 capacitor & connect ta an ac 
supply the cutent 

(a) leads the voltage by 180° 

(©) isinphase wit the voltage 

(6) lead the voltage by 3/2 ad 

(Gd) lap the votage by 90° 


‘Whenthetrequeney of ana circuit cota 
dng resistance and capacitance increased 
the impedance 

(ah increases). decreases 
(says the same 


nan R-L-C stot ne. citeit x cutee of 
5A flows when the supply voltage 100V. 
‘The phase angle beeen current and ylt- 
age 16 60 lagging. Which ofthe following 
ements i fale? 

(4) The cei i eectvey inductive 

(©) The apparent powers SOOVA, 

{e) The aivalent cuit reactance i: 2002 
(@) The me powers 250 


A series ac. ctcit compesing coil of 
{inductance 100mH and existance 1 and 
10, capacitor ix connected acrone x 10V 
supply. AT resonance the pd. cron the 


captltoe 
G@ tony ) tkv 
© 10y «a ov 


‘The anplinde of the cument owing ia the 
eieeuit of Fig, 152655 

Ga ib) 168A 
KA (@) BA 


1 


1 the supply fequeney i increased at rs 
fnance in stien R-L-C cites and the 
‘Values of LC and R ate constant thececuit 
wil Boome: 


(a) capacive —(b) resistive 
(lade (4) resonant 

For the crit showa ia Fig, 1527, the value 
‘of Q faci: 

to 30 ) 100 

© 5x04 wo 

igure 15.27 


A setes R-L-C ctcit has a resistance of 
562, an inductance of 100mH and weap 
‘upce of SUFI the cumentAwing i 2A, 
the impedance a resonance: 
(ton (b) 162 
© sma (@ 89 


Chapter 16 


Single-phase parallel 


Ai the end of this chaper you should be able: 


a.c. circuits 


“+ calculate unknown cures, impedances and eect phase anple fom phasor diagrams for (a) R-L (b) R-C 


(6) £-€ () LR-€ parallel as cicuits 


‘+ state he condition fr pull resonance in an LR-C cect 
"+ derive the esonat fequency equation for an LR-€ parallel ae. cicuit 

“+ determine the crzent and dynamic esisance at resonance in an LR-C pall cuit, 
“+ understand and calculate Q-actor nan LA-C parle eecuit 


+ drt how power factor may be inproved 


16,1. Introduction 


1 parle eet, suchas those shown ia Figs 16. 
and 162, the voltage is common each bape ofthe 
‘etwork and ists take asthe reference phase when 
Atawing phasor diagrams 
For any parle ac ui: 


‘Truc or active power, P=VI cos watts(W) 
o Pat watts 
Apparent power, S=V/ yoltamperes (VA) 


Reactivepuwer. Q=VIsing reactive 


amperes vary 


Power ctor = _Nue mower 


‘parent power 


(These formula a the sme as for series a cites 
suse in Chapter 18.) 


R-Lparallel ac. circu 
‘athe two beanch parle eituit containing esistance R 
siulinductnce Lshowa in Fig. 164, the current Bowing 
‘nthe sistance isin phase wah te supply velage 
Vand the cuteat owing in the succes 
she supply voltage by O47. The supply euent i the 
piso ut of fy and, and hus the curent fap the 
plied vollage V by an ange ing between "and 
(Gepending oa the values and) shawna ale 
inthe phasor diagram. 


ered 
' 
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From the phasor diagram: 1= 747 toy 
Pythagoras theorem) where 


(by wigonamenie ratios) 


‘Circa impedanee, 


Problems 1. A 208 resistor is connected in 
parallel with an inductance of 2387 nll across a 
(OY, {supply Calculate () the eurentin cach 
‘ranch, (bth supply cure, (© he ete phase 
angle. (the evel impedance. and () the power 
consumed 


‘The sitet and phasor diagrams are at shown in 
Fig 16 


(2) Curent Sowing inthe resistor, 


Fermoy 


(©) From the phasor diagram, supply current, 


1VeR 


(6) Cait phase ange, 
te sagt 
dour 
(a) Cucaitsmpedance, 


(e), Power coasuned 


Wreosg = (60)(5)60553.139) 


180W 


(Aliematvely, power consumed, 


Paig 


[Now try the following exerse 
Bercise91 Further problemson ®-L 
parallela.c cireuits 


1. A300 resistors comected in parallel with 
4 pire inductance of Saft acrousa L1OY, 
2K suppl Calculate a the erent in each 
Fane, (b the egeuit current, (2) the cea 
phase angle, (2) the czcuit impedance, e) the 
Power consumed, and (f) the citcult power 


BA (AA 
(0) 3851 lagging) 23.452. 
(6) 404W (00.72 ageing] 


2 A402 vsistanes connected pall with 
colofinductance Land negigbleesisiance 
fsoss a 200, SOHe supply andthe supply 
‘current found to be 8A. Sketch the phasor 
‘iagram and detemsine the inductance of the 
cal fon 


16. 


R-C parallel a.c. circuit 
In the two branch paalel circuit ontining esisance 
Rand capacitance C shown in Fig. 162, fe in-phase 
‘wie supply voltage V and the cute flowing athe 
capaci, Fe leads V by OO". The supply curent i 
‘he phasor sum of Fe and Jcandthusthecarea Leas 
the applied voltage V by an angle ying between OF and 
‘0 (depending on he vals of Jy ad Ye) shown 
angle inthe phasor digram. 


Ce 


From the phasor disgam: 1=/7HIE (by 
Pythugoes" theorem) whese 
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(by tigonometiraton) 


Ciecuit impedance, 2 = 


Problem 2. A 30).F capacitor is connected in 
pall with an 8092 resistor across a 240, OH 
Suppl. Caeulte (a the cure in each branch 
Abie supply cute, () the isc phase ange, 
(he eet impedance. (the power dissipate, 
an (the apace power 


‘The creat and phasor diagrams are ay shown ia 

ig 162 

G2) Curent in sexist, 

v_ mo 

aw 

Caren in capacitor, 

vow 

EL 
Bre, 


= 22(51)(30 10%) 240) =22624 


h 


fe 2nfcv 


(b) Supply cument, 


t= (RR = VF 
357A 


(6) Circuit phase ange 


(e) True oractve power dsipated, 


= Vlcosr = (240).257)c0537 02" 
20w 
(Attmativly, true power 
P= R= 37 a0) =720W) 
Apparat power, 
s 


(24093757) =9017 VA, 


Problem 3. capacitor € is connected in pall 
witha esto R across a 120V, 200 supply. The 
Supply currents 2A ara power factor of 
leading. Determine the Vales of Cand. 


“The cit dageam is shown ia Fig 16.3. 


se 


53.17 leading, 
ron the pasordigeashown ia Fi. 16.30, 
In = Leow S3.13° = N06) 


2A 
avo) 
6a 


Asin 53.13" 


(Alieratvely, fy and Je can be measured from the 
scald pasr diagram) 
From the cet diagram, 


v 
I= fom which 


Ea 
061K 
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[Now ty thefllowing exerelse 


ppatallelac-creuts 


1A LS00RF capacitor i comected in pale 
(wth 3 160 ress across a 10V, LORE 
Supply. Caleulate (a) the cutent i each 
raph, (8) the supply erent, () the eet 
pice angle (the iret impedance, ) he 
power consumed, (F) the spare power. and 
(a) he deeut power fctor Skat the phasor 
igen. 

Tl) e=0.825A, Jo=0.9N3A Qh) LISLA 
(e) 56:46" leading () R402 (6) 6.25 
(0/1131 (3) 0353 leading] 
2. A capacitor € is connected in parallel with a 
resistance aso a GOV. 10042 supply. The 
ppl curten ie O.6A. at «power factor of 

ON leading. Calculate the value of & and C. 
[R= 1250, C=. 85, 


164 L-C parallel circuit 


Inthe wo branch parle cteui containing inductance 
“Land capacitance C shown in Fig, 1644, lags V by 
‘90 and Fe leads V by 90° 


io 


Pure Ht 


‘Teoetically there awe thee phasor digeams 

possible each depending oa the eae values of A. 

a fe 

Ui fe >fe giving a supply cuent, =f, — fe lag- 
sing V by 905 


i) Feb givingasupply curse, 
ing Vby 90") 


feAxiving a supply cuent, 


‘Te later contin sn posible in practice duoc 
cuttesitance inevitably feng present asin the circuit, 
‘seid in Section 165). 


For the LC parallel creat, 
y 


v 
neg ne 
{1=phasor diference between 1. and fe, and 
¥ 
Sat a 


Problem 4. A pure indoctnce of 120 is 
connected ia pall witha 25) capacitor an the 
‘eto i corece toa 100, SOB sup 
Determine (a) the bane cures, (the supply 
ure a is phase ange, (he ecu 
‘pedance, and (the power consumed. 


‘The cnet and phasor diggs are as shown ia 
ig. 


(a) Inductive reactance, 


Ni =2aph = 24(80)(120 0) 
37.02 


Capacive resets, 


1 1 


Xe= 570 ~ eS 


=imsa 
(Curent owing in inductance, 


v0 


n= b= = nossa 
Cure lowing in espacio, 
v_ 10 

le= og OHA 


(©) Ac and Fe we antiphase, hence supply eure, 


1 


flo = 2.683 0.785 = 867A, 


th current gs the supply voltage V by 9° 
(eee Fig 16.40) 
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(©) Cait impedance 


v_ 10 
La a sss60 
(2) Power consumed, 
P= V1cos$ = (100)1.867}0501" = OW 


robles 5. Repeat Problem 4 forthe condition 
‘when the feequeny x changed to SDH 


(2) Inductive reactance, 


,=2x(Sm UI 10) = 1.10 
Copacive ean, 
Xe= 1 = 42.440 
© sacrsonas toy 
Curent owing in indoctance 
v_ 1 
Tar ie 
Curent owing in apie, 
vm 
a cia eas 


(0) Supply erent, 
[Heh =2386—0884 = 142A 
leading V by 90° (se ip. 16.460) 


(© Circuit impedance, 


Fi 


Yo Me a eras0 


(2) Power consumed, 


P= Vicon = OW (ince = 90") 


‘From problems 4 and §: 

i) When Xi <Xe then A> fe and Fags V by 0" 
(il) When Xi. > Xethen h < feand eas V by 90° 
‘ 


) Ina pale ica containing no existance the 
power consumed is 2210 


parallelac circuits 


1 Anindictnce of Hm isconneted in paral: 
Tet witha capacitance of IO, across 3 60, 
{og suppl. Determine (a) the branch cut 
rent, (b) the supply cutent,(c) the ica 
phase angle, (4) the cieit impedance, and 
{e)the power consumed. 

Ta) Jo=O37TA, f= L194 (0) 0817, 
(6) 90" lagging () 73.44 (6) OW] 

2. Repeat Problem | for 3 supply frequency of 
2008, 

{la fe=O-7S1A, h=OS07A (by .157A 
(6 90 eating (4) 382.20 (e) OW] 


16.5 LR-C parallel ac circuit 


1a the two branch circuit containing cpactance Cia 
pall with inductance Land resistance # in svies 
(cuchasacol shown in Fig. 16.0. the phasor diagram 
forthe LA beach alone is shown in Fig. 165(8) and 
the phasor digram forthe C tanh s shown aloe 
Fig 165(c). Rotting each and superimposing on one 
sauster gives the complete phaser diagram shown in 
Fig 1654, 


‘The cueat fix of Fig. 165%d) may be resolved 
‘oro bvizatal ad veil components. The hiatal 
component, own a opis feos and he vertical 
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‘component. showin as py is fun sing. Tete are thee 
possible conditions fr his ete: 
(o> fax sing (ving supply current 1 testing 
V by angle bas shown ia Fig. 16Ste) 
i) Aaysing > Ke eivng aging V by angle pas 
shown nF. 16510) 


(il) fe hays hiss called parallel resomance, 
se Section 16.51 


‘There we two methods of finding the phasor sum, 
‘ot eurents fy ad Ie it Fig. 165(e) and). These 
‘ae: (iby sed phasor diagram, or (i) by esol 
each cueat ito thei “nephase’ (i. Horizontal) snd 
‘quadrature’ (yea) eumpowents, as desna- 
stated problems and 7. Witheeference tte phasor 
lags of Fig, 165: 


Impedance of Lt branch, Zu. 


Corrent tun = zy and te 


Supply current 


phasor sum of and (by drawing) 


\Wecon + Caasing FoF 
(by caeutation) 


where ~ ean ‘the diference between 


haw 
tanga gate 


Problem 6. A coil of inductance 159.2 and 
sesistance 409 is connected in pall witha 
SUF capacitor acoss 4 240, SO} supply 
‘Calculate (a the current inthe coi and ts phase 
angle, (b) the catenin the capacitor and its phase 
Sng. (c) the supply cuenta ts phase angle, 
(a) he eet impedance (6) the power consumed. 
(he apparent power. a () the ective power. 
Draw the phasor diagram, 


‘The circuit diagram is shown in Fig, 16.5. 


ta 
o &) An=Brean 
Figure 16 


(a) For she el, inductive esctance My 
2(50)139.2 010-9) 


aaj 


lnpeance 2, 


Catenin coil 


Branch phase angle 


Xe 


* B 


tan 25 = S13 lageing 
(ee phar diagram in Fi, 1660) 


(©) Capacitive estan, 


L L 
*©= S76 ~ aaO Ty 
10612 
CCutenin apt, 
ae 
fe= ye" TT 
2.262 leading the supply 


voltage by 0° 
(sce phasor diagam of Fig. 1660) 


(0) The supply current isthe phasor sum of A 
and Je This ay be obtained by dawg the ph 
Sor diagram to sale an measuring the cutest 
and ts phase angle relative o V. (Curent 1 
‘ul aay be We diagonal ofthe parallelogram 
Forme asi Fig 16,610) 
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“ 


© 


Allmatvely the cusent fax and Je may be 
Tesalved in ter heron (or in-phase) and 
‘etal (or quadature’) component, 


“The zo eomponeat of fis 
Ayoosstt 


4788 const 34 


‘The horizontal component of fe i 
Joeosor =0 

‘Thus the tual horizontal component, 
ty =2A, 

The venical component off 


hug sin 134° = 3.7480 LM 
20078 
The venical component of fe 
Tesin 0" = 2262sin90" = 2262 


‘Thus the toa vertical component, 
y= 2027-42262 = —0668 4 
{hy and Fy ae shown a Fig 16.7, fr which, 


12 VIET ORS =A 
10.665 — 6 gee 
Angle @ tan 255 = 15.86" aging 


Hesce the supply current 1 
Vy 15386" 


AA lagang 


Circuit impedance 
en 
17a 

Power coasuned, 

P 


96.609 


Vicon 


(2409/2434) e015 86° 


=seaw 


(Atematively, P=AZR= fi R(ahisease) 
=(3.748)740) =S6W) 


(0) Appaten power 
sau 


(40)2434) =5M2VA 


Reactive power, 


= Vising = (240)2.434)6in 15.86 
159.6yar 
Problem 7. A col of inductance 0.121 and 


resistance 3495 conned in pall wih a 
(8.02) capacitor an is supplied at ADV ata 
fiequeacy of SkHa, Determine (a) the current in the 
coil and (b) he caret in the epato () Draw to 
‘cal the phasor diagram and mesure the upply 
‘urea at its pas angle; check the answer by 
faleulation, Determine () the cuit impedance 
sau) the power consumed. 


“The cicuit dageam is shown ia Fig. 16.8). 


eaanrama 


® 


(2h Inductive reactance, 


Anypedane uf ei, 
2 = VEE = OFT 


wk 


Curent i oi, 
v 


fa= zp 


ranch phase angle 
x 


gone 
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(©) Capacitive reactance 
1 1 


ACs aye = ET 
isa 
Capacitor curtent, 
v_ 4 
te= Fe" TE 


25.13 mA leading V by 90° 


(©) Caen fy. ani fe ae shown in the phasor 
agra of Fis. 1680). The patallelograms cons 
Pleas shown and the supply cumen i given by 
the diagonal ofthe parallelogram, The creat 
‘measure as 19.3m14 leading volage V by TAS 
By caleulation, 


Tims P Fle haa 
19.4008 


1450" 


ant (He —fonsins 15 
execs, 
4) Civeit impedance, 


a0 
“T= 


(©), Power consuned, 
P=Vieog 
= (40)19.34 5 10) 057450" 
06.7 mW 


(Atiematively. 


[Now ty the following exerlse 


Exerclse94 Further problems on LR-C 
parallel a.ccireult 

1A coil of resitance 609 and inductance 

SI84mH isconnectedin parle witha 1S 


‘apacitoracoss 4200, SO suppl: Cale 
Tae (a the cute in the col (bth creat 
in the capacitor. (€) the supply curr and 
its phase angle, (@) the eet impedance, 
(@) the power consumed, (F) the apparent 
poet and () the waetve power Shsth the 
phasor diagram 
Tia) 17184 0) 0.043 () 1028A a 30.88" 
lagging (194.602 (e) 1765W 
(0) 205.6VA (105.5 ya 


|A25aF capacitors connected in parallel with 
coil resistance LQ and inductance 0. 20H 
‘sos LOD 4H supply. Determine (a the 
‘urea in the coi. (the crete capac 
itor (the supply cuseat and is phase angle 
(by drawing phasor diagramtoseale,andalso 
by eleulation (the cei impedance. and 
{@) the power consumed, 
(a) 18.48 mA (b) 62.8300 
(6 46.17 mA 3081.49" lading 
(4) 2 166k2(e) 0683 W}, 


Resonance occurs in he two branch network ontining 
capacitance Cin parle! with inductance Land wee 
tance in series (se Fig 165) when the quate 
(Ge. sercal) compneat of eurent fx is eal 10 fe, 
A thy contion the supply curent 1s np with 
‘he supply waage V- 


Resonant frequency 


‘When he quadrature componcat of fx it equal 10 fe 
then: fe= fying see Fig. 16. Hence 


‘hom whic, 


sxe=ansti( 


=rz) 
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Figure 16) 


Tue 
an 
# 
B 
= 
ca 
(Whe Ris nelsile then f= —> 
‘ST 


same as for seis sesonance) 


Current at resonance 


Curent at exonance 


(LYE) ie es 


However, rom equation (1), 234 =L/C hence 


vR _ vee 
Te 
‘The curt iat mania at resonance 


whi iste 


Dynamic resistance 
Since he cutest at resonance is in-phase withthe vat 
sgcthe impedance ofthe eeu ats as resistance. This 
‘sistance Known asthe due resistance. Ry (or 
sometimes, he dynamic inpenc. 

rom equation (2), impedance a rsoaance 


Graph of curent and impedance agains ftequeney 
rear to fevonane fora parallel cv are shown in 
Fig 16.10 and ae seen to he the reverse of those in 
eres circum page 238) 


Rejector circuit 


‘The pale resonant teat is often deserted as 
a refecor clicit since it presents its maximum 
Simpedance a the resoaant frequency aa theresa, 


Mechanical analogy 


letial resonance forthe paalel citeuit can be 
likened 19 mass hanging on a spring which if pulled 
down and else, will ocilate up and down bt due to 
{ction the osilaions wll slowly di To mst the 
‘illton thease would require uaa foc applied 
ct time i eaches ite point of maxim trv and 
this is exactly what happens wit th elec ecu 
‘Asal cute i roquited o overcome the loses and 
‘maintain the ovations of current Figure 16-1 shows 
the two ese, 
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Poh RAAL 


ccensonayrg ——Oacanemaanes 
Applicationsof resonance 


(One use for resonance is 10 establish a contin of 
stable frequency in cscs designed to produce a 
Signals. Usually, «parallel cuit sued fr this pur 
we withthe capacitor nd inductor diet connected 
tether. exchangng energy between exch ther. Jus a 
2 pendulum can be wed to sails the fequeney of 
‘lock mechanisms seillations, so can a parle exuit 
be sed to stabilise the elec frequency of 30 22 
‘ilar ete. 

“Anothoruse for reseaance sin spplicatons where the 
effocts of peal increased wr decreased impedance at 
‘purtcua frequency is desired, A rsoaant cltean 
bese ‘block (ia present high impedance owas) 
2 feequeney of eange af fequenies, thus acting 36 
Sorta equeney “leet stain certain frequencies out 
‘ofa mix of otes. lo at these particular ui ae 
‘alld ers, and thes desgn is considered sn Chapter 
17. Inesence,thiss how analogue radio ecever inet 
nels wok titer orsele, one station fequency out 
‘of the ai of diferent rao sation fequeney signals 
intercepted by the antenna 


Q-factor 


‘Curent higher than the supply eurest can etculate 
within the pull branches a parallel resonate 
‘cut, the cutentIeavng the expat and establishing 
he magoete Held ofthe inductor, this thes collapsing 
dnd recharging the capaci, and 50 oa. The face 
‘ofa parle esonast eats the eat of the eaten 
‘vclaing in the parallel Wanches ofthe acl to the 
supply current, Lethe cument maison, 


(@fator at esonane 


declan erent 
Sapp curent 


Je _ tigsindy 
i la 
exsings 


Tree 


(ich ithe same as fra eros cise 
‘Note tha ina parallel crcl the Q-factor ia muse 
of eurrent magnification, whereas ina series cca it 
Inamcasue of voltage magnification. 

At iaine frequencies the Q-factor of «paral ct 
alt usally Tom, ypialy les than 10, bain aio 
fhequeny cits the Q-factor canbe very high 


‘Pehlem A A pute inductance of 190m is 
connected in pall witha 40) capacitor across 
SOY, vata frequency supply. Determine a the 
‘esonant foqueny of the cieuit and (b) the cueent 
‘ieculating inthe capacitor an inductance a 


“The circuit diagram is shown in Fig, 16.12 


ceisnm 


Figure 1612 


(a), Parle sevonant frequency 
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(©) Curent cicuating in Land C at resonance, 


La 
fewe= yo BS anficv 
SIC) 
Hence 
eae = 24168.97)(40 « 10-9),30) 
=0s6d 
(Atemativly 
jaee Es _¥ Es) 


Yo" aL EIT 
=ostTAy 


Probes 9. A coi of inductance 0.201 and 
fesistance 6012s connected ia parallel with a 
20,F capacitor across 2DV, variable fequency 
Supe. Calult (a) the sont feguenc, (the 
yaamic resistance, () the cuenta esoance nd 
(she cacutQ-fater at esonace 


(0) Parte resonant frequency 


T wor 
BV Tana OF 


Sa cst 


(0), Dynamic resisance, 


R= b = 1* _-m78 
Re aon 
(fe) Cure at escapee, 
Ras 042A 


(8) Ciseut ato at esonance 


2k _ 24163.66)020) 


Altematively, Q-factor at esonance 


rent agaiiation (ora parallel ict) 


ae) 


=24(68.65)20 « 10-4\20) = 0.16 


Hence Q-factor=fe/ 


‘obttined above 


133, a 


16/012 


Problein 10. A coll of inductance 100mHt and 
resistance M002 connected in pall with a 
‘ail capacitor cross a 12V, SE suppl. 
Determine forthe condition when the supply 
urea i miaimun a) the eapactagce of the 
apuitoe, (the dynamic resistance, the supply 
‘ure and (a) he Q-factor 


(0) ‘Thesupply curentis minimum when he parle 
reat is a resnance ad resonant frequency, 


ea fat 
Sa TE 
‘Transposing for C pve: 

: 1k 

eur hk 


expe 


When. 


00, 


a 


TEST 
td 
onary 


= 009815 uF of 9S150F 
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(b) Dynan resistance, 


Ped 
= CR Ta TAO 
=1uaKe 
() Supply eameat at esouance, 
vn 
= Ro Tero OSA 


(@)- O-fatoe at esonance 
Dail, _ 215000) (100 10-9) 
a 
Altematively. Q-factor at esonance 

Je _W/Xe) _2#fi€V 


"oh 7 


393 


2x(S000)(9S15 « 10-7112) 
rc 


ora proctea laboratory experiment on parallel ae: 
‘elreuts and resonance, see Chapter 24, page 417. 


393 


[Now ty the following exercise 


1 A015 qF capacitor and a pure inductance 
‘FOOL sre connected in pall cron 
1OV, variable frequency supply. Determine 
(a) the resonant frequency ofthe cite, ad 
(bythe cuenta the capaci and 
Inductance a) 4.11KH (134 74m) 


A30uF capacitors connected ia parallel with 
‘coi ofinductance 0 ml and unknown esi 
tance A across a 120V, SOB supply IC he 
fireit hasan overall power factor of 1 fad 
{athe value of, (b) the cute ia theca, 
(the supply cue 

ta) 37.680 (6) 294 (e) 2714) 


2. A coll of resiunce 2502 and inductance 
130M is conpected in puallel wh 
104 capactor across a 60V, vanable fe- 
quency supply. Calculate (a) the resonant 
‘enc (b) the dyaanie resistance, (e) the 
futent a resonance and () the Q-factor a 

[(a) 1272 He) 60002 (6) 040A (a) 4.80) 


4. A coll having resistance R and inductance 
Ont is connected in pallet with a Sa 
‘capacitor acros 25V, Skt supply, Deter 
Ine forthe condition when the creat is 
4 minimurs, (a) the resistance ofthe co 
(b) the dynamic resistance, () the supply 
‘urea and (the Q-factor 

1a) 3.7059 0) 43184 
(©)5:70mA 04] 


5. Aci of sistance 15K and 0.25H ind: 
‘nce is connected in parallel with a va 
able capacitance ucoss TOV, Sk Suppl, 
(Caleulte (a) the capacitance wf the capac 
tor when the supply cuteat i «iain, 
(0) the dyna resistance and (the supply 

Ta) 1561 pF (b) L056) 93.654.A} 


6 A pane citi ax shown in Fig. 16.19 is 
ued wo resonance by varying capacianee 
C. Resistance, =300, inductance, L 


40,4, an the supply voltage, V=200V, 
‘SME, 
oe ok 


Caeulte (athe value of Co give resonance 

8 SMH. (bythe dynamic impedance (6) the 

(facto, (the bandwith) the cure in 

‘each brah, (fhe supply caren, and (the 
poner dissipated at resonance. 

Tia} 2533pF (b) 3264M0 (6) 4189 

(a) MLMAH 0} fe=15915.290" mA, 

Tn = 15915-80863 mA (1) 8A, 

(g) 7402] 


16.7 Power factorimprovement 


From page 243. in aay ac. cicuit, power 
ctor = eosq, wheres the pase angle between 


supply cure and supply voge 
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Indusval loads such os ac, mors ae extntally 
inductive Le -L) and may have alow poser face 
For example, lt motor tke a cuenta SOA at a 
power fier af. ageing fo a MOV. OH suppl, 
shown inthe cet diagram of Fig, 16.14. 


Ir power fictor= 0.46 lags, then 


‘cod = 06 lagging 


Hence, 


phase angle, @ = cos" 0653.13" lagging 


‘Lagging means that Flags V remember CIVIL), and 
‘he phasor diagram i as shown a Fig 16.14). 


@ ° 
igure ad 


How can this power factor of 06 be “improved oF 
ome 104, ity? 

Unity power ficior means: com 
e=0 
So how can the citi of Fig. 16.14) be motel so 
thatthe citeuitphaseangleischanged frm 3.13°t00°? 
"The answer sto connect a cpacitor in parallel withthe 
‘motor as shown in Fe. 16.1510), 


from which 


Figure tess 


‘When capacitorisconnectdin pall withtheindue 
tive load takes a curent shoyn as fe. Inthe phasor 
diag of Fig. 16.150). current ie is shown leading 
the olage V hy 90° (again, remember CIVIL 

‘The supply eureatin Fg 1615(a) is shown as F andi 
‘the paso sus of Jy ad Le 


athe phasor dageam of Fig, 16.18(b),euneat 1 is 
shay the phasor su of yc ad Zea sn pase 
‘wih V Lethe etc phase gles O°, whic means 
thatthe power Tato 08 ( 
Ths, by connecting a capaitoe in parallel with the 
str, the power factor ba heen inroved fram 6, 
Tagging v9 unity, 
rom sight angle wlangles, cs $3.13 

adncent _ 1 


Typos 30 
50 cos 53.13" 


‘oom which, supply eurreat, 
=MA 

Before the capacitor was connected, the supply 
current was SO. Now it 304. 

Herein ies the advantage of power factor improves 
‘ment the supply current has been reduced. 

‘When power factor is improved, the supply eurrent 
1s reduced, the supply system has lower Tose (i 
lower JR lowes) and therefore cheaper running, 


Problem 11, tne dict of Fig 16.16, what 
‘alu of capacitor is needed improve the power 
factor fom 0. lagging o unity? 


O) 


Figure 1636 


‘This is the sme cicut as used above whee the supply 
ctent was educed from SOA to 30A by power fc 
tor iproversot Inthe phasor disgrum of ip 16.17, 
fuente needs to equal ab if 1 i 10 be in phase 
wth V 


From right angle wiangles. nin $3,13° = °PPOAE 
ipporen 
ab 
a 

from which, ah =S0sin 53.13" =40A, 


‘ence, a capacitor has to he of such a yalue as to 
{ake 404 for the power factr to be improved from, 
oto 
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4-50 
igure 167 


From ac; thor: in the eeu of Fig, 16.1, 


=2yev 
fiom which 

in 40 
capactianes. C= sory = Tas) SEE 


Tn practeal situations & power factor of 1 isnot 
oxmally rguied but power factor inthe region of 
(OM or beter is usually aimed fr, (Actually a power 
factorof | means esonance’) 


Profs 12, An inductive loud takes a cure 
OF OA ata power factor of 0.643 lagging when 
‘connected ta 240, ADH supply: tis equised 
{o improve the power factor 19080 lapsing by 
‘connecting capacitor in pall with he load. 
Calculate (a) the ne suplycureat,(b) the 
capacitor cutet and (6 the alu of the power 
Tar conection cpaciton 


(a) A power factor of 0.613 means 
cos gi = 0.683 
1 =c0s 10.613 = 50" 
A power fatr of 0.80 eens 
cosgs 
from whieh, & 


from whic, 


a7" 


“The phaser diagram i shownin Fig. 16.18, where 
the aw supply cue 1s shown by length OB 


From tangle 0 sir = 2 fom which 
om angle Que, cos 3" = 24 tom ac, 


04 = 60 co 0° = 38.574, 


oom tangle Out, 
on 3687 


sat 


gure 1638 


‘Hom which, new supply current 
3457 


ro AS ana 
(0) "The aow supply eurent Fs the phasor sum oF Je 

ale 

Thus if 1 fe fx thea fe= 1 ha 

|e. eapaaitor current, 

Te = 88212-2687 602-80" 

{38.57 — )28.93)— (3857-4596) 
(04 /1703)A oe 17.03290°A 


viov 


(©) Canes, te=qe= PS =2ayev 
are, 
fiom which, capacitance, 
103 
eV Tray HEE 


Problem 13. A4O0V altematc is supplying a 
oad of 42kW ata power fctrof 0.7 lagging 
Cleat (a the VA loaiag an (the creat 
‘akon fr the alert. (c) Ite power factors 
ow tase tunity find the new LA loa. 


(2) Power=V1co1d (V2) (power factor) 
ce yp POW! 2107 
Hence v7 = POR = EO cana 


» 
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(6) "The EVA loading remains at ADAYA inespesive 
of changes in power fate 


Problea 14, A motors an ouput oF 48KW, 
llcency of $04 and a power facto of 

(0.628 lagiag when operate fom 3 240, SOB 
supply. Iti ruied to improve the ower factor 
(095 lagung by connecting s capacitor ia parallel 
‘withthe mor, Determine (a) the cument ake by 
‘he moto, (b) he supply eaten afer power factor 
‘corectin, che current akon bythe eapacio, 


00 
ene To ~ power ipa 
and power ine 8 coo 
Henge, 6000=V fy <054)—= (2401) (0.825) 
singe cos=p£-=0.625. Thus cumeat taken by 
the met, 

a 

= ST 


‘The ciruit dagram is shown ia Fig. 16.1900, 
“The phase angle between fe and Vis pven by 
$= cor!0625—51.3%, hence the phasor dia 
‘ram i ax shown in Fig. 16.196), 


AOA 
Vemavcote yp 
) 


Figure 1619 


(©) When a capscitor € i connected in parle with 
‘the motor cute Ze ws whieh eas V by O 


‘he phasor sum of fx and Fe sives the supply 
fren fat has a be such as Yo change the 
inet power factor to 85 lagging, Lea phase 
angle of cor 095 or 1X19" lagging, as shown 
{a Fig. 16.19(¢), The horizontal eompoae of fy 
(howe us aa) 


uti he horizontal components gives 
250951, Hence the supply cure afer 
cretion, 


() The vertical component of (shown a ab) 


isin S32" 


ins.ae 


1228 


‘The verti component of shows ae) 


sia 819" 
26.325 IBV" = 8 


‘The mapeitude of the epacitor caren (shown 
ase) is given by 


bac ie 


ron whieh 


te 2 


Oo sayy So 


305 
(6) var rating ofthe capacitor 
Vie _ 2400: 
Tog ~~ Too 
‘this problem the supply curent hashoea reduced om, 
A 10 26.2 without altering the eueat or power 


taken by the autor. This means that the > losses te 
seduced, and results in saving f costs 


:s2kvar 
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Problems 15, A 25DV. SO} single phase supply 
‘eedsthe following loads (incandescent amp 
taking acutet of 10A at unity power fats. 

i) duorescent lamps taking XA aa powe actor of 
(ageing (it) 4 SEVA motor operating tall, 
‘ead ana power factor of 0.4 aging and 

(iv) sai eapactr, Deternine, forthe lamps and 
‘moto, (a the tol curent, (b) the orl power 
“actor and (6) the teal power.) Find the yale of 
the static capacitor to improve the overall power 
actor to 0075 lain. 


A phasor diagram is constucted as shown ia 
Fig, 16.20, where #A is lagging voltage V by 
cos 07, Le. 4837", and the motor teat is 
(600/250) 46.12 lagiag V by cos #082. 36.87 


ETA veaeov 
. aie 
wy A m 
igre 1620 


(2) The horizooa compoaet ofthe cures 


‘The yeti component ofthe eurrents 


0sin0" + 1283687" + 8sinds 57> 
=047245713= 12914, 
rom Fig, 1621Nb) ttl cues, 


BEF TIE =2414 aw phase angle 
of p= tan 1(12.91/25.2) ce. 27-13°laging 


(0) Power factor 


250)(2831)(0.800) 
63kW 


(a) To impeowe the power fat, a capaci is eon 
te in pale wih the Toads. The capacitor 


Iakes a cuneate such that the supply castent 
falls rom 28.31, Flagging V by cos 10975, 
He, 1284 The phasor dageam is shown in 
Fig 1621 


(94 = 2831 cox27.13° = Leos 1284" 


2w.Heon7 
coe 


aA 


(abe) 


37.13" —25 8s 12H 


1291-5742 = 7.168, 


anjcv 


Hence eapucitance 
te 7.168 

BayV ~ Ers0a 

Thus to improve the power factor fom 0.89010 


975 lagging 201.27, capacitor is connect 
‘in pale wih the loads 


912M 


[Now tr the following exercises 


‘Exercise96 Further problems on power 
factorimprovement 
1. A415 aerator is supplying a loa of 
[SSW ats power factor of 065 again Cal 
‘ult (a) the EVA loading and (be cue 
‘ken ro the akemato,(€)Hthe power fa 
tor is ow aise 0 uty ind the new EVA 
Toating 
Tia) B4OEVA () 203.9 (o)84.64VA] 


2A single phase motor takes 30A at a power 
factor of 165 lagging from a 240V, SORZ 
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supply. Determine (a) the exon ten by 
the capacitor connected in pale to cor 
reet the power factor to unity, and (b) the 
‘ale ofthe supply cuter alter powee factor 
senteton 

{ia} 2280.4 (b) 10504), 


‘A200 non teactive ress i connected in 
teres with a coil of inductance Om and 
Depligible resistance. The combiaed circu 
is connected to « 200, S04 supply, Ca: 
ulate (a) the eactance of the co, () the 
lnpedace of the ctu, e) the current ia 
the eit, the power factor ofthe cc 
{eh the poterabsebed by the eri, (0) he 
‘value ofa power factor conection eapactorta 
produce a per factor of unity a) the 
‘alco a power factor conection capastaeto 
produce a power factor of 9. 
Ta) 25,130(b)32.12251.49-0. 
(e)62272-51.49-A (d)0623 
(0) 7155 (0 77S6UE (2) 47.57, 


‘A motor hasan output of LW, a eftcieney 
ff 76 and a power faetoe of 0.64 ageing 
when operated from « 250. 60H supply 
eis required to raise the power factor to 
(0925 lagging by connecting a capacitor ia 
pall wh the motor Det (2 the cur 
reat taken by the mots, () the supply eure 
afer power factor corection, (c) he cue 
taken by the capacitor () the capacitance of 
the capacitor, at () the Kat sang of the 
sp 


[1e)S0A (0) 34594 (0) 25.28 
(0) 26624UF e) 632k] 


A supply of 250, 8012 is connected across 
tu indutive load andthe power ensued 
{s 2RW, when the supply eutent 6 IDA. 
[eerie the resistance snd inductance fhe 


iru, What value of eapacitance comected 
in pare withthe loud ie necded vo improve 
the ver power factor unity? 


‘A200, SO single-phase supply feds he 
following loads: (i) Mucrescent lan aking 4 
caneatof 8A ata power factor of 0 leading 
[id ieandesce lamps taking a current of 6 
tunity power factor (ijamotortaking cur 
Fenvof 12a power fcr of 0.65 lagping. 


Determinethe ota cure taken fromthe sup- 
plyand the overall power factor Find also the 
‘alue ofa atc capacitor connected in pral- 
Tebith the load to improve the overall power 
factor 10 0.09% lagging. 

[PL 74A, 0.066 lagging, 21.74uF) 


Exercise 97 Short answer questions on 
‘single-phase parallel 
accreuts 

1, Draw a phair diagram for a tworbranch 
parallel cucut containing capacitance Cia 
fe branch and existnce R in the other, 
connected across supply voltage V 


Draw 2 phasor diagram for 9 two-raneh 
parallel eu conning inductance L and 
Tesinance Rin one branch and capacitance 
Cin the tes, conncied across a supply 
voltage V 


3. Draw a phasor diagram or awo-beanch pa 
allel ereuit containing inductance Zin one 
‘atch and capacitance C inthe other for 
the coniion in which inductive reactance 
1s gear than egpacive reactance 


4. ‘State two methods f determining the phasor 
sun af twa cuments 


‘State two fonnulae which may be wed to 
‘leat power ina parallel cit 


{6 ‘Ste the condition for resonance fora two 
‘wane circuit containing capacitance Cin 
fall wih a coll of iducance Zand 
esistance R 


7. Develop formula forthe resonant frequency 
fn an LR-C parallel cui, 19 tess of 
sesistanceR, inductance Zandcapaciance C 


8. What does Q-facior of « pull cltcit 


9. Develop a formula forthe cuenta reso 
sance in an LA-C parallel tui in tes 
‘fesse, ndatance 2 capacance © 
ain supply volta V 
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10, What is dynamic resistance? Stata formula 
for dynamic resistance 


11. Expain simple method of improving the 
power factor of an inductive ctcuit 


12. Why is it advantageous co improve power 
factor? 


Exercse98  Mult-choice questions on 
single phase parallel 
accrcuite 
(Answerson page 421) 


‘A twortnnch parallel cveuit containing a 100 
tesitance in one branch and 100, capacitor 
In the other, has a 120V, 2/34 AB supply co 
fected crosit, Detennine the quantities aed in 
‘questions 11% selecting the comet answer fom 
‘he fllowing tit 


(aa wen 
(o7ska @Ra 
fejtan!}keaing (908 eating 
752 (0) tH Leading 
16a ytan-*3 aging 
ty Liaw (0) 06 teatiag 
fm) 25a. G@)24kw 
(otan-*$ agzing —(p) 0.6 lagging 
(q)08 agsing ( Lonw 


(oma 
ID ces rn ere ta tenes 

Eom eeeee seer 

Se eas 

ne ees 

eee eaens 

@ Meco tee 

TT pa me ee 

1 Ta pore ci ce 

DAUESE rena 
{Salt pdms nee ened S0.2 

Geuinascisensiav ae 

Sey eereete 

(0 BA teling by Et 

0 Walser 


10. 


u 


(6) A osingby 90° 
(a) 6A eating by Ze 


‘The following statements, taken comet 102 
‘ignifean figures, refer tothe creuitsbowa 
In Fig. 1622 Which re false? 

(2) Theimpedance ofthe R-L branch is3 2 
(b) fae =S04 

© 

wo 


@ 

(8, The ips’ component af he supply 
cument 30, 

(2) The “quidature component ofthe sup 
ply cuter 404 


() T= 
(8) Circuit pase—29°41 fading 
1) Cucut impedance = 692. 


(8) Giri power facior=0.83lagsing 
(0) Power consumed=0.08W 


Which the following statements is fase? 

(2) The supply cant is 8 minimum at 
sesnance a puallelcicuit 

(@) The Q-factor at resonance ina parallel 
tei ithe voltage magniiabon 

(6) Improving power factor seduces the eu 
seat flowing though system 

(a) The cacit impedance i axiom at 
sesnance ina puallelcicui 


‘An LR-C patil cicuit has the foo 
ingcomponentyalus: R= 102. L=10m, 
C=10)F and V=100V. Which ofthe fol. 
lowing Statements isfalse? 

(2) The ssonant requncy fis L/ KE 
(b) Thecurent at esonance 1A 

(6) The dynamic resistances 1000. 

{a} The escut Q-aetor at resonance i 30 
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13, "The magnitude of the impedance of the 14, Inthe cicut shown in Fig. 1624, the mag 
ret shown in Fig. 1623 5: side ofthe supply euent Js 
72) 30 @ AO) 7A 
(242) La. BA) BA 

Hees ine 
lan v v 


igure 1628 Figure 1424 


"Atte end ofthis chapter you shoul be ale 
| approcate the purpose of ter network 


17. 


Introduction 


Attenuation reduction oss inthe magaitude of 
a voltage oc eaten dt is tansmission oer a line 

‘A iter is netwovk designed 1 pass signals having 
Frequencies within cain bands (called pass-bands) 
With litle atenuation, ba greatly attenuates signals 
Within tier hands (called attenuation ands o¢ 
Stop-bands) 

AA flr is frequency sensitive and is thus composed, 
fof teactve elements, Since certain frequencies ae to 
be pase with inimal ls, iealy te inductors and 
‘capacitors need Lobe pure components sac the pos 

fence of resistance reults [a sme attenuation at all 
Frequencies. 

Between the passband of a sts, whete Melly the 
attenuation seo, andthe attenuation band where ide 
aly the tention sities the cut-off requeney. 
this being the fequeney at which the tention 
-hnges fom 20 10 some finite vale 

‘Alter network containing no soureofpoweristexmesd 
passive and one containing ane or moxe power souces 
known as un acive lier netwook 


Filters ae use for a yasty of poses in acaly 
‘very type of elecuonie communications and coat 


Chapter 17 


Filter networks 


“+ unvderstand asi types filter sections, low-pass, high-pass, and-pas and andstop fens 
“6 define cuff requency two- port networks and characte pence 

‘design low and high-pass iter setons sven pina npedance an cut-off Requeney 

“+ teri ylues of onponents comprising a an pas ter given uo equi 

“appreciate the ference between ideal and peactical er characteristics 


guipmon The bandwith of tts wed in commu 
ations spsems way oma fraction ofa hes many 
‘megahertz, depending onthe application. 

“There are our bani ype ffir sections 


(a) low-pass 
(0) high-pass 
(band-pass 
(8) andstop 


17.2 Two-port networks and 
characteristic impedance 


‘Networks in which leetrical ens ise in at one pair 
of terminals and ken out ata second pi of tras 
accalledtwo-portaetworks, Theneiork between the 
‘input port and the outpu pot isa uansmission nctwork 
For which koown selatonshipexss between thet 
a output cumens and ola. 

Figure 17a) shows a Fnetwork, which sted 
symmetrical if 2, =Zn. and Fig. 17.10) shows a 
‘Fenetwork whic is sjuimeutca if Zp 

We 22% in Fig. I7Ma) abd Ze22, ia 
1g, 1710), the setions are teed asymmetrical 
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% % 


lz. 


oy 
Pa 


Et 
cy 


Figure 174 


nol. 


o 
EY 


‘ale athe loud impedance. Tiss calla the erative 
Impedance for an asynetialnetwovk an ts value 
sleponl on which pi of terminal is aken tobe the 
Tnputand which he output (hee ae ths to values oF 
‘tzaiveinpedace, one fr each duction, 

Fora sytinetical network tere is only one value 
forthe erative npedance and his i called the cha 
acterstle impedance 2) ofthe symmetrical two po 
retwotk. 


17.3 Low-pass filters 
Figue 173 shows simple unbalanced T and x-sction 
filles using series inductors and shunt capacitors. I 
titer section is connected into a network sad a con 
‘inuowsly increasing frequency is applied, each Would 
havea foqueey-atenution characerine ax shown in 
Fig. 174. This isan ideal characteristic and assumes 
pte reactive elements, All quencies are see vo be 
fase from zero up o acai value without ana 
tia. this value being shownss theca requency 
All ylues of frequeney above ae atenuated. Ii 
fortis reason ta the networks shown in Fig. 173), 
(bate Kowa lowpass ers. 


bot 


7 
2 
ell 
= 
ae 
A 
ae 
ie 
za 
ri 


Figure 172 


‘Both networks shown ave one common tein 
‘which ay be earthed, and ae therefore sid to be 
‘unbalanced, The balanced form ofthe Fnetwk ix 
shown in Fig. 17.2(a) and the balanced form of the 
‘network is own in Fi. 17.20 

‘The input impedance of networks the ati of vt 
age to cuenta the inp tennial. With a two- port 
‘setwodk the input impedance often Varies second 
the Toad impedance across the cupat tena. For 
any panivetwovportactwork is found tht pt 
‘cular value of Toad impedance can always be found 
hich il peduean inputinpedance having the sate 


1 Lt 


ry 


& Anerson 
2 pasetant ca 
° rea 


“The elecnical ere digram symbol fra low-pass 
‘ite showin Fig. 175, 
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oS 
aa 


Sunmarising, a low-pass filter Is one designed to 
ass signals at Frequencies below a speelied cut-off 
Frequency. 

Ih prctte, the charscteritic curve of low-pass 
prototype ltr section loks more like that shown i 
Fig 175 Thecharaterisicmay beinproved somewhat 
loser w the ideal by connecting two owe ieali- 
‘eal section ia eascale, This produces a much sharper, 
fata characters, although the ateustion sa the 
pse-bandisinerease a ile, 


‘When wtf reused to proce the de. sup 
‘ofeleconic systems large ripple introduces unesi- 
thle noice and may cyen tas the effet ofthe signal 
‘olage-Low-pass rs arsed to smooth the outpt 
‘ole waveform this boing one ofthe most common 
"pplication of tes in electrical cect, 

Tiers are employed 1 isolate vaious sections of 
‘omaplee sytem and this to prevent undesired intra 
tins For example, the ineeron of low-pass decoupling 
filters between each of several ampliger sagen and 8 
‘common power supply eduees interaction due to the 
‘omnmon power supply impedates. 


Cut-off frequency and nominal impedance 
calculations 


{A low-pass symmetrical Tnetwork and low-pass 
symmettical-network are shawn nF, (77. enay 


A lee 
@ 
fe e c | fe 
o 
Faget 


‘oe shown that the euro requeney, foreach section 
ithe wae, adi given by 


‘When the frequency is yety low, the charcer 
Isic impedance is purely resistive, This value of 
sduractritic impedance is known a the design 
Impedance or the nominal impedance ofthe setion 
aul sofen given the symbol Ry, where 


a 


Problem 1. Detemie the cuff hequeney 
sau the nomial impedance fo he 1p 
‘Peonnected section shown a Fig. 178 


10m 


com 


Piguret78 
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Comparing Fig. 17.8 with the low-pass section of 
Fig 77a, shows that: 


L 
L 


Le inductance, 02m, 


and copacitance 


02x 10-E, 
ro uation (1), cual frequency 


io aTTe 


t 1 
serena OT 
te fen ISH or LS92KHe 


‘Fro uation (2), nominal impedance, 


oF 


Wart 
10008 oF 1k 


Problum 2. Detemine the caf frequency and 
‘he nominal impedance fr te low-pass 
‘connected section shown in Fig. 17.9. 


Figure 29 


Comparing Fig. 179 with the low-pass section of 
ig, 1770), sows that 


Sao pr, 
e.copactance, C= 0p = 400 10°F, 
ad inductance oan, 


rom equation (1), cutoff frequency, 


1 10 
Raa NTT 


he fe=2846uHte 


rom equation (2), nominal impedance, 
c 
Ve 


‘To determine values of Land C 
diven Ro and f. 


1 the values of the nosinal impedance Ry and the 
eff frequency J are known for a low-pass For 
z-secton, itis pote to detemine the yale find 
{ance and capacitance equi to for the section. 
‘maybe sown that 


capacitance C= — + eo 


ah 
and Inductance = 22 oy 
a 


Problem 3. A ter section sto have a 
taaceritic impedance at 0 fequene of 6002 
sau a cut-ff frequency of SMH. Design (a) 
low-pass section ter, and (low-pass 
_raetion ltr tomes these egies, 


‘The characteristic impedance at 210 Hraqueney 
the sominal impedance Ra, Le. Ro=60E eutall 
FHequeacy f,=3MH2=5 x iP, 


From squation (3), capacitance, 


1 t 
Tigh ~ oo 


0610-9 


6p 


From equation (4, iaductanes, 


fs 
ees 


= 32x 0-5= 382 UH 
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G@) A lowpass Tscetion ter is shown ia 
Fig, 1710}, where the serosa inductances 


() A lowpass section fer is shown ia 
Fig 17.10(0, where the shunt a capacitances 


ane each £ (sce Fig. 17.70), 


[Now ty the following exercise 


1. Determine the cut-off equency andthe no 
inal impedance of each of the low-pass fee 
sections shown in Fig, 17. 

[la 1502: $k (b) BS45tHe 6.0) 


A tier section ie to have a charstrstic 
impedance at er frequency of $002 snd 
cuff frequency of HEH. Design (a) 8 


rane 19pH ana 
08 apr sar 
@ w 


low-pass Fseton ltr, and (b) low-pass 
_ractin filer 0 weet thee requirements, 

Tia) Each series an 7.60008 shust ama 

0.5366). 

(Series ae 150-2 aH cach shut apn 

3183, 


3. eerie the value of capacanc required 
in the shunt ar of low-pass Tsecion if 
the inductance in cach ofthe serie mms is 
‘ml and the cto frequency ofthe ther 
sash, [0203 Ke} 

4. The nominal impedance of s low-pass 2 
section fier is 00.1 the capacitance in 
ach ofthe shunt arms is. UF determine the 
inductance inthe series arm (72a 


17.4  High-pass filters 


Figure 17.12 shows simple unbalanced and -scton 
ers using series capacitors and shut inductors. I 
ltr seetion i connected ino a network and acon 
‘inuousy inceasing frequency is applied, each Would 
Ive a fequeney-atention characteristic ax shown a 
ie 1743, 


i 


ry ® 


Once again this i an ideal characteristic assum 
ing pute teacive elements, All fequenies below the 
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i i : 
z ‘band Pass-band sa 1 


cutoff foquency fare son to be attenuated and ll 
frequencies above fate pased without os 

Iie foe thie veaon tat the networks shown in 
igs 1712) and (b) ace now as high-pass ers. 
"The elec ieait diagram symbol fe high-pass 
fier ie shown in Fig. 17.14, 


y 
ea 


Pigere 


Sunaising, a high-pass filter Is one designed to 
ass signals a fequencles above a speld eut-aff 
Irequeney 

"The characteristic shown in Fig. 17.13 dealin that 
iti assumed that there is no alent a all inthe 
fass-hands and infinite atenation in the attenuation 
and, Bot ofthese conditionsare impossible toachieve 
in practice. Due wo resistance, ily inthe inductive 
ements the attenuation inthe pass-band wil aot be 
‘yo, and ia practical ster seeion the tenuation a 
theattenution end wllhave afte ale. nation 
tothe revive lov thee i often an ade lsd to 
‘mismatching. 

‘Mealy when fer inserted ino a network tis 
‘matched tothe impedance of that network. However 
the characteristic inipedace ofa iter section wil Vay 
‘with fequency and he temination ofthe Seton mas 
‘be an impedance that doesnot vary with frequency in 
the same a 

Figure 17.13 showed an ideal high-pass ler section 
huracteristcofanenutin agaist frequency. a pra 
tie, the characteristic cure ofa highepas protaype 
fier section would ook move ike tat shown tn 


ig, 1718, 


Cut-off frequency and nominal impedance 
calculations 


A high-pass symmetial network: and a high-pass 
Symmettcal x-networkare shown ia Fi. 17.16 fenay 
beh hat th cu-ff frequency. foreach action, 
inthe stn andi given by 


air 

4, ‘ le 
F 

AL ha rane 

— ry 


When the fequency is very high, the chante 
‘sie impedance purely resistive. This value of 
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characters impedance i then the mona imped 
‘ane af the ection and given by: 


ra 


m= /z 


Probes 4, Determine the cuff frequency and 
‘Me nomial impedance for the high-pass 
‘Feaanetedsettion shown in Fig. 17.17 


aut azar 


Comparing Fig, 17.17 withthe high-pass section of 
Fig 17164, shows tha: 


O2UR. 


eccapucitace,  C=0.1uF-=0.1 10-4 


and inductance, 0am 


0.8 


Feom equation (5), cutoff frequency 


1 
& 


wre 
L wo 
le = 7960 


From equation (6), nominal impedance, 


— 
Vita 
10008 ue 1S. 


c 
@ 


Problem S. Determine the eu-off frequency and 


‘he nominal impedance for the high-pass 
‘connected section shown in Fig. 1718, 


Tiger 78 


Comparing Fig. 17.18 with the big 
ig 17.16, shows tha 


pass section of 


24 = 20048 
ie inductane, = 100,81 10-48, 
soaps, C= 4000pF = 4 107° 


From equation (5) cutoff frequency, 


le f= Woke 


‘Fun equation (6), aalinal impedance 


‘To determine values of Land C given fy and & 


IF the values of the aowioal impedance Ry aad the 
cut frequency J, ate known for a high-pass T- or 
"section, is posse determine he values of ad 
{ance and capacitance equied to for the secon. It 
snay be shown ths 


capactiance 


— o 
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he 


an Inductance = 


“ 


Problumt 6 A ther section srequised vo pass all 
‘Hegucncesaboye 25 KHz and toh a soil 
Jinpedance of 60002, Design (a) a igh-pass 
‘Taestion ile and (b) high-pass section fee 
tomeet these equitenents, 


Cucoft frequency 
‘nominal impanc, fy 


25ke=25 6 10"H, and 
02. 


ro uation (7), apace, 


1 1 


Oa OTTO 


to! 


Temes 


S30SpF or 5305aF 
rom equation (8). inductance 


ko 600 
BL aT 


=0.0010111= 1.9L 


(0) A high-pass Tseaon titer is shown in 


Fig 17.10(a,whete testis arm capacitances 


» 


tue each 2C (see ig. 17.16(a), Le. 2x 5.305— 
etak 


(0) A high-pass srsection ser is shown in 


Fig. 1710(6), where the shunt am induc 
Taboos ae cach. 22 (see Fig. 17.60). Le 
2x1ol=32uH, 

[Now try the following exercise 

Exercise 100. Further prablemson 
high-pass filter sections 


1 Determine the cuff frequency and he nom 
inal inpetance ofeach ofthe high-paeflter 
sections shawn in Fig. 1720. 

(la) 22.51: 14.1440 


SS 


@ 
Figure 17.20 


A er section is regi to pass all fe 
{quencies above 44H and ty have a nominal 
impedance 7500. Desig (a) an appropsiaie 
high-pass T section ater, and (b) an appeo- 
fae high-pass xsecting lier to meet these 
eyirements, 

(a) Each series arm 53.060, 


274 Hectial and Eectonc Pines and Tehaogy 


2, The inductance in each ofthe shunt ams of 
high-pass section ther is SOmHL IF the 
‘minal impedance of the seton i 6002, 
etermine the value ofthe capacince in the 
sedis a, [oo.44n] 


4, Determine te value of inductance sequred 
{inthe shunt arm ofa high-pass Teton ier 
iin cach eres arm it contain 0 5 wEcapac 
tog The cut-off requncy of the iter section 
isso. (hem) 


175  Band-pass filters 


_Atuand-pas filers one designed to pasesiguals with 
requences betwen two specified eutal frequen 
‘dex. The characteristic uf an heal band-pas llr is 
Sowa in Fig. 172 


Beats = 
EY cement 
‘ Cd 
rue 38 


‘Such ter may be fone by casein igh pass 
anda lowpass ltr, fe, isthe cut Fequene of the 
Ieh-pas ler and fy isthe cut-off Feguoney ofthe 
low-pu filer. Ae cat be seen for a band-pus er 
‘fea fea the psn beng given bythe diference 
ietween these values, 

"The electrical sci gram symbol fora band-pass 
fer ie shown in Fig. 17.2, 


Be 
a) ile 
% 


igure 1722 


Aypical practical characteristic for aband-pss tte 
ieahown in Fig, 1723, 

CCeystal and ceramic devies are used extensively as 
tund-pss ltrs. They ae common inthe intermediate 
frequency amples of vl. radios where a peecisely 


ae os 


defined bandwidth must be maintained for yood 
‘estan, 


Problem 7. A’band-pas ters comprised ofa 
Jow-pats ection iter having 4 cut-off equoney 
of ISkHz, connected in series wih high-pass 
‘Fscction ter having a cao eguency of 
1OKE2 The emiating impedance ofthe Hite 
(6002. Detemnine the values of the components 
compesing the compost lt 


For the low-pass section ter: 
S000 He 


fe 
rom equation (3), capacitance, 


L 1 
FR ~ ASOT 
Sx 10-7 = 3540 


© 


‘rom equation (4), inductance, 
40m 
ah ms00 

01273 


273m 


en om 177, er ant 
ooh Ete 


and the shunt arm capacitance ie 35 40. 
For the high-pass Fsection filter: 


few 


\oon0 
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Figure 1724 


rom equation (7). capacitance, 


L n 
eRe ~ eso TOUR 
133 x10 =1330F 


rom equation (8) inductance 


6 
en Teo 
7x10 


Tra 


"Thus, from Fig 17.16), the svies arm capacitances 
saeeach 20, 


ie 26 13 =2660F 


ad the shunt an indctance is 477 mH, The compo 
ite und pas ters shown in Fi. 17.24 

‘The aenuation agains fequoney characterise Will 
te similar to Fig. 1723 whore fey =l0KH2 and 
fox =1SKHE 


[Now try the following exercise 
Exercise 101 


Further problems on 
‘bandpass ters 


1. A bad-pase ter is compriied of » lw 
pass section filter having a cuff fequency 
of 20KHs, connected in series with a high 
puss section filerhaving a cut-off fequency 
ff SAEZ. The tenninating Hnpedance of the 
fer is 6002, Determine the Values of the 
components comprising the composite ie, 

[Law-pass Psetion: each 
serio aren 77 ME shunt em 26.530 
High-pass section: each 
series arm 38,169F shunt ann 5.07 


‘ 


‘A band-pass fer is comprised of tow 
piss #-seton ier having aeu-off eyuency 
fF SOMME, counected in seis with high- 
pass ¢-seton ier having acu-of eyuency 
(F 4OLEE. The taming impedance uf the 
fer is 202. Determine the values of the 
‘components compesing the eospaste te 
TLovw-pass section: sees am 395m, 
‘ach dunt ann $,130F 
‘igh passx-section: sees arm 321 0F, 
ah shunt rm 247 a] 


17.6 Band-stop filters 


-Aband-stop iter sone designed to pass signals with, 
all frequencies except those between two specified 
fatofffrequences. He characteristic ofan ideal und 
‘oper is shown in Fig. 1725 


toner 


° & % 


Such a filter may be formed by connecting hi 
pussand alow-pas erin parallel. Ascan bese, for 
Sasso Htc fey > fy the stop-band being given 
byte difeencebetwocn these vals. 

“The electial eiclt dlagtnsynbol or abar-stop 
fier shown in Fig. 1726. 
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A typical practical characterise for aband-tp tee 
ieahown in Fig, 1727 


‘Sametines, nthe ate of inerference ran SO 
power lines in an audio sysem, the exit fequeney of 
$spuriousnoise signa isknowa, Usually such intron. 
ence is fom an odd harmon of SOHE. for exampls 
2502, A sharply tuned band-sop fie, designed 10 
Iuteauate the 25012 nis signals used vo minise 
Tee ofthe ouput A high pass ler with cust 
frequency greater than 250H2 would also remove 
the inerfeence, bat some of the lower frequency 
‘comaponens ofthe audi signal would be lost a wel: 

Tier design an bea complicated tea, For moe. sce 
‘Berea! Chet They and Tecnlogy 


[Now ty the following exercises 


Exercise 102. Short answer questions 
fon fitere 


Define a fer 


Define the cuff raqueney fora er 
3, Detine a two pot network 


4, Define characteristic impedance for two-pot 


network 


5. A network designed to pass signals atte 
‘quencies blow a spected cut lequeney 
iNealled ...Oter 


6. Anetwodk designed ops signals witha r= 
‘quencies except thse berween two specified 
‘atoll feguences scaled a... fer 


7. A nerwork designe to pas signals with 
‘quencies between two Specified euro 
‘Quncie scaled... fier 


4. A network designed to pass signals at fe 
‘quencies above & specified cut-off Tequency 
ihealled ter 

9, State one application af low-pas filer 

10, Sketch (a) an ideal, and (b) a practical 
smtenuatonfequency characteristic for alw- 
pa fer 

LL Sketch (a) an ideal, and (b) a prntcl 
‘atenutiowtrequeney charters Toe a 
high-pass er 

12 Sketeh (a) am ideal, and (4) a practical 
itenuatiowtrequency characteristic for a 
bun-paselter 

1M. State one application ofa bandpass er 

13. Sketeh (a) an ideal, and (b) a pratcl 
atenutiowtrequeney characterise Toe a 
a-sip ter 


15. State one application ofa bandstop fer 


Exercise 103 Mault-choice questions on 
filters 
(Aanswerson page421) 
1. A network: designed to pass signals with 
i frequencies except tose between two 
‘pected cua frequencies scaled a 
(a) low-pass ier (b) high-pass ter 
(6) aap er (8) band stop tee 
‘A network designed 10 pass signals a fe 
‘quencies above a spo euro quency 
iealled 
(a) low-pas fer (b) high-pass ter 
(6) aap er (8) band sop tee 


= 
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4. A network designed to ass signals at fe (6) 9868 in cach series am, 256.79 in 
Gpencies blow apc eu een shunt em 
ied 
(a) towepas fer) digh-pas ee (8) 493441 ineach serosa, 12836pF in 
(©) anaes fer (8) tandstop ter shut ac 
4. A. nctwork designed to pas signals with 9. ‘igh-pass Tonnes pretrial ser 
frequencies between to spec cura ‘ection has capacitances of {00a in each 
fron ical ite sete ai nd ndctancs of 200 0 
(a) low-pass er (b) highpass er ints shat am, The cuof fogunsy of he 
(©) bandpac ster) anda iter fhe is 
: (ay 15902) 112SHe 
5. A low-pass Feooneted symmetical lie eae enue 
‘ection har an inductance of 200 1 neh 
fierce ammeantaeapacance af Sur 10. A high-pas x-conncted syncs fer 
init unt arn, The cof quency othe ‘ection has a capacitance of SOO) pF in it 
flere ‘ever ar and ican of SOO Ein each 
(itor, by ast6tte ofits shunt arms, The eo egy of he 
(© TMsHe — @ IT79He fei 
(a) 2013kHe ——@) THshHe 
6 A tow-pes connected syria lr aa z 
‘ection ha a nda of 200 i is 0 suse ait 
‘Stccarm and eapaciianes of 400pFineach The fllowingefes to questions 1 and 12. 
efisshmtms Theat guns ft er etn i pases 
ro eg ey ee ave ano he ipa 
(© 1770iHe (6) -38.594Hte 
“he fllowing fers to questions 7a 1A hiphpas Teoma syamericl fer 
‘ecto comp 
A Sher sion iso have nominal impedance of Gis eee ee ae 
202 and aco toques of MH wae 
7. A low-pass Fconsete sym er () Bach eros am 4900F, shunt arm 
tection i comprise of 2k 
(G) O85 each sre a, L284 pF in (6) Each series arm 24SaF, shunt aren 
shunt am, Liki 
(by A034 cash sre a, 256.79 in (8) Bich eres am 4900F, shunt arm 
orem e tana 
(©) 9R6SWH in cach eres arm, 28679F in 12. high gam connected symm lier 
neato rie ‘ection congied a 
LGR eho coareattcc alent (a) Seis atm 4.900, and each shut a 
Tote 
8. A Towepas x-comsctel symm ltr (0) Serie am 49008, and ach shun 
‘ecto Is compe a ioral 
(6) 9864)H mea sres an, 128 pF in (©) Seis aon 24S, and each sat a 
steam, nan 
(by 4934)H in each series an, 2567 pF in (@) Sere atm 24S, and each shunt am 


stunt am, ER 


D.C. transients 


"At heed of his shaper you sould be ale 
understand he tem sso’ 
‘escribe the transient response of capacitor and resistor volages, nd cura in series C~ R deceit 
‘define the ten ane constant! 

‘aeulat ime constant ina C— R cieut 

ea transient growth and decay cures fora C—R iui 

se equations ee= Vile"), on = Ver"! and =e" fora C— Receuit 

eseribe the transient response When discharging capacitor 

seit the transient response of nductrand esse olages, and cure ina series L—# deere 
‘aula ie constant ian L— 8 eat 

‘raw transient grovih and decay curves for an LR cuit 


se equations: (tet) and i= re!) 
_escibe the transient reponse for curent decay in an L— Ricuit, 
understand the switching of inductive cies 


sei he effets ine constant on a sectangular wavefonn via iterator and dferotar cicts 


18.1. Introduction 


elt, 


18.2. Charging: 


(2) The circuit diagram for a series connected C— R 


When a de. voltage is applied to a capacitor C and 
resistor R connected in seis, there iw shor pod of 
tine immednely aftr the volage x connected, daring 
Which the cuter flowing inthe cgcit and voltages 
sero C anf are changing 

‘Sinilay, when ade ollageisconnestedtoacieuit 
having inductance connected in series with resis 
2s is short peod of imeem after the 
‘ollage sconnecte, during which he current wingin 
‘cite andthe voltages ass and are changing. 
‘These chang values ae called transients 


sine is shown in Fig. 18.1. When switch 5 i, 
‘loved then by Kischos voltage la 


Varetoe a 


(©) "The barery Voltage V is constant. The capacitor 
Yolage vei given hy gf. where g isthe cha 
‘athecapaitor. The ollage drop actos isgven 
oy where isthe cuerent owing athe cit 


Figure 1K 


w 


we 
ry 
Henge at ali 
vate e 


& 


Ar the instant of closing S, (inital ica con 
Alivio), assuming thee 36 40 initial change oa 
the capacitor, gp is 2e0, hence nop 18 20. 
“Thas om Equation (1), V=0-+ eM tx =V. 
‘This shows that the resislance 10 cument is 
solely due io Rand the initial extent Bowing, 
fo=l=V/R 

[A short time later at tine fy seconds afer elos- 
ing, the capacitor i arly charged 1,3, 41 
coulonbs hecausecurent has been owing. The 
voltage er is now (gi/C) vols Mf the euteat 
owing sy amperes, thea he yllage drop across 
Riba fallon to 8 yl, Ths, uation 2) sn 
Vain /C) ik. 


A shou ie tril, ay atime seconds ater 
losing the swith the charge bas increased 04 
oulombs and thas increased 10 (42/C) vols 
Since V=ae-+y and Vis constant, then 
ocreases 98. Ths vc increasing ad and 
‘ne aredocreasing as ime increases, 


Uinutly afew seconds ae closing 8, (Le at 
the fal or steady-state contin). the capacitor 
is fully charged to 3, Q coulombs,curent n0 
longer Hows, is. =0. and hence em =1€=0. It 
Follows rom equation (1) that ve=V. 


‘Cures showing the changes inves a with 
time ae shown in Fig. 182. 

‘The cuve showing the Varation of ve with 
‘ime ical an exponential growth eure and 
the graph is alld the “capacitor volgen’ 
suracterstic: The curves showing the variation 
‘of tm and / with tne are called exponential 
decay curves and the graphs ae elle resistor 
Wvolagetime™ and “cuenine” charset 
respectively. (The name exponential” shows that 


cine 4) 


Tet 


(0 certian 


the shape can be expesied mathematically by an 
exponential mathemticl equation, as shown in 
Section 18.4), 


constant foraC—R 


uit 


G@)_ Haconsntde. voltage i applied wa seties con 
neced CR cic atansient curve of capacitor 
oltage we isa shown in Fig, 1821. 


(b) Wit reference to Fig. 183 tthe constant volt 
age supply be replaced by avaiable voltage 
Supply tne 1 seconds Let the oliage be ve= 
fed xo that the current flowing in he ci ix 
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(©) Since the curt flowing isa constant, the curve 
Wil follow a tungest, AB, dawa tothe curve at 
pia 


(8) Letahe capaci voltage teach its al yalue of 
V attiner; sends 


(e) The time covrespondiag to f:—1) sscomds is 
calle the tne constant of the cic, dented 
hy the Greek leer “tau, +The vale ofthe te 
constant is CR seconds, Le for a series connected 
C— Rie, 


time constant r= CR seconds 


Sine the variable Voltage mentioned in paragraph 
{hy above can be upped tw estas dri he 
change, tay be applied at 
‘he instant of connecting the ie to the suppl. 
kisis done, then the ine constant te elt 
maybe defined a ‘the tine talen for a tanent 
reac sil state the ital at of change 
‘eimatatned”. 


184 Transient curves fora C—R 
circuit 


‘There aretwomuin wethodsof drawing wansent curves 
tap these boing 


(2) the tangent method — this matod is shown ia 
Problem | 


(©) tenia stopeand three point method, whichis 
sown in Problem 2, ad is based onthe folowing 
openies ofa transient exponential cave: 

(0) fora growsh cure, the Value ofa ansien at 
‘tne exalt one tine constant ie 632 of 

‘te steay-stte flue (usually taken a8 63 per 

ent ofthe steady-state Value, a Une etal 

fortwo anda half tine constants is 0.918 of 
stead stat valu (usualy ake as 92 peat 

ofits steady-state value) and ata tine gual 6 

five ue constants equa ts tesdy-nte 

vale, 

{ors decay cue, the value ofa anion at 

‘tne eal to one tine constant i 0.368 of 

{snl ale (usualy taken a 37 per cet of 

{intial value, at atime equal 19 two and 

tl ine constants is O.82 fs iil value 

(Gsualy akon a6 8 pr cent of tal value) 

fad at 3 time equal to Be time constants is 

sual 0 2. 


‘The wanseat curves shown in Fig. 182 have mate 
stcal equation, blaine by solving he diferetal 
‘gua epreseating the eet. The equations of the 


rwvth of expactorvaltage, 


vit 


cay of resistor voltage, 


ecticyetsae 


decay of resistor vallage, 


rete 


Problem 1. A 15} uacharged capacitor is 
connected in series witha 47D resistor sess a 
12OV, de suppl. Use the tangential araphical 
smetbod to ea the capacitor vollagefine 
‘acteristic of he cuit Feom the carats, 
Aketrmine the epactor voltage ata time equal to 
onetime constant afer being connect tothe 
‘Supply and also 1 seconds afer being connect 
tothe supply. Also find the time fr the expacitor 
voluge reach on half ofits steady-state vale. 


‘To comstnict an exponential curve, the tine con 
staat ofthe ctcuit and steady-state value need 10 be 
‘tein 

“Tine constant SME ATO. 


510-647 


7058 


Steady-state yale of 4¢=V. Le ¥e=120V. 

‘Wath eference 19 Fig. 18.4the seal of the horizontal 
axis dean so hat it spans at east ve ime constants, 
ie, 500705 o¢ about 3.8 seconds, The scale of the 
‘vertical axis spans the change ia the epactor Voliase, 
that i ftom O 0 120V. A byoken line AB is daw 
conesponding othe al vale oft 

Point Cis measured slong AB so that AC is equal 
to Ie. ie. AC =0.708s. Stght line OC is dav, 
‘Assuming that bout ve intermediate points ae needed 
to dra the cuve accurately, point D i selected on 
(OC caresponding to a xc valle of about 20V. DE 
‘is deayn Yorealy. EF is made to corespond 10 
ii EF = 0.705 A stright line is dawn joining DE 
‘This procedue of, 


(a) drawing avert ine tough point selected, 
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Figere8 


(b)- atthe steady-state value drawing a rion ine 
Eoutespoding 1. ad 


joining the st and ast pias 


iseepeate fra: values 40,60 80 and 100, giving 
points 6. Had 

“The capacitor voltage effectively reaches it steady 
ste vale of 120 afer a tine equal to five time 
constants, shown as poit K- Drawing a noth curve 
Ateough points 0. D, G, HL. J and K gives the 
exponential rowth cue of espacitorvollage. 

From the raph, the value of capacitor voltage ata 
time eal tothe time constants about PSV. Iisa cha 
steric of all exponential prow curves, that after a 
‘ime equal 10 oe tine constant the vale ofthe tea 
seat is 0.532 ofits steady- sate value. n this problem, 
(0432 120=75.84V. Also fromthe graph, when i 
two seconds, vce about 115 Volts, (Thi value ty be 
heckod using the equation ve= Ve"), where 

120, =0-708sand)—24 Thiscaeulaton gives 
giv 

ime for ue 10 Hse 10 one Half of its foal 
value, ie. 60, can be determined from the graph 
ad about 05 [This value may be checked using 

(1—e-¥") whew V=120V, ue=AV and 
71055, giving =t14895) 


Probluot 2. A 4qF capacitor is chayged w 24V 
and then discharge through a 220K rex. Use 
{he intial nope and tees pot method wo draw 
(a) the capacitor voltage characteristic (the 
‘esstor voltage characteristic and () the 
uontne characteris, forthe wanients whieh 
‘ccur From te characterises determine the vale 


of capacitor voltage. resistor oltage and cent 
1 Salter discharge as stated 


“Ta draw the transient curve, the time constant of the 
ciecuit and steady-state vals ate needed 
Tie constant, ¢ = CR 


1 10°43¢220. 1 


=0.88s 


e=2AV, 
4 

Da 

010m 


ally: 


(4) Theexponcatil decay of capacitor voltage sfrom 
24 V0 OV ina tine qual ove me constants 


ie. Sa f.88= 44, With efeencew Fig 1850 
‘consti the day cute 


igure ks 


(0) theorizontlscale sade sothaitspans 
leas five den constants, 

(i) the vertical sele is made 10 span the 
hangein capacitor Voliage, ie, 010 24V, 

(ii) point Acomespondsto he inialeapacior 
tolage, Le 24, 

9) 0B is made equal to one ime constant 
line ABs dae this es thea 
Slope of the teasiont 
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(9) the valu ofthe wane after atime equal 
tone time constant i 0.368 of he ina 
Sale, Le 0.368 « 48.3 V; a vertical 
Tine is drawn through Band distance BC 
Isimade equal 0 893 

(i) the value ofthe transint afer aime equal 
twos tal tine constants is 0.083 of 
the nil Yale, Le 08224 YTV. 
shown as pot Dia Fig 185 

(oi) the mansint etfectively des away w 2210 
afer a time equal io Ave tine constants, 
ests. poing parE, 


‘The ssooth curve dawn through points A, C.D 
nd E represents the decay vane. At Sealer 
ocay has stated, we =A. 


ver", where 
A36vi 


(h) The voltage dop actos he esis is equa tothe 
apuitor voli wher a capacitor is discharging 
Hvough 3 resis, dhus the resistor volagetine 
hsceristc isdn to tha shown in Fg. 16S 
Since sg =v, the at seconds ale decay has 
sated, 1m =4A4V (ee (i above) 


(6) The currenttie charscteriste is constructed ia 
the same way a6 the espator vollagetine cha 
sterisi,shown in pat (a) and i a shoe in 
Fig, 16. The values ae: 


point Anil value of eunent 


10508 


ose, 


igure 8 
point Cat, 1=1.364 1 109-0.080mA 
polar D:at 25 1.009004 
point Ea 


ence the current ansent ras shown, Ata tne 
sf 55the valu ofcunent from thechaccterise 
0024 


[This may be chesked using 1 
1=010, 1215) and 
OLIRMA ve 19.8HAL 


Problem A 20)F capacitor is connected in 
series witha SUED resistor and the eeu 
connected 0a 20, de supply. Determine: () the 
{nia vale of the cument owing, the tine 
constant ofthe irc (the value o the eurent 
‘be secon afte connection, (the value of the 
‘apuitoe voltage two seconde afer connection and 
(e) he time afer coonection when theres 

wolge is 18V 


Parse), (and (e} may fe determine raphy, a 
stwn in Protea 1 and or by ealculation as shown 
teow. 
V=20V, C=20,F=20 «10°F, 

SOkat= 50 10° 


(a) The intial value ofthe cures flowing is 


crs 


Amd 


(0) From Sesion 18.3 the ee costa, 


= CR= 20x 10-50 x 10 


fo Cute, 


* and working in mA units 


=e“! 04x 0366= 


(8) Capacitor votiag, 


‘elem 4. A cleuit consists of resistor 
connected in series with 0.5] capacitor and has 
‘tine constant of H2ax, Determine! a the vale 

‘ofthe resistor, and (hte capacitor voltage, Tm 

after connecting the cect 103 10V supply, 
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(0) The ime constantr CR, hence 


=Mx 1 =20Ke 


(0) The equation forthe growth of epacior voltage 
iswea Vile") 
Since r=12ms—12% 10°76, 
Toss =7 10-5 then 


V=10V and 


pea i0(h ne Tea, 


= 100-8) 
=10(1 0.558) = 


av 


Akternatively the value of te when is 7s may 
he determined using the growls characteristic as 
shawn in Problem 


Probl & A creat consis ofa 104F 
‘capacitor competed in series With 25K esitor 
‘witha svitchable 100d. supply. When the 
supply is connected, calculate (2) the time consan, 
(the maim caret () the voltage acrows he 
capacitor after 08s, (d) the current owing ar 
‘ne time constant, (2) the Voltage across the resistor 
alter 0.15 (0) the time forthe espactr voltage 
‘each 48 and (g the inl ae of Voltage rise 


(0) Time cmstant, 
aCe R= 10 10-825 107 


1256 


(0) Curent isa mien when the cieuitis fst co 
eeodandisoaly lined bythe valueoesstance 
Inthe circuit ie, 


0 


mai 
(Capacitor voltage, Ye= Vall") 
When time. =05s then 
se HOT P99) (90.8617) 867 
(8) Curso, = tne" 
sa when 


current 40"! =e“! = ARMA, 

Alternatively, after one time constant the capaci- 
toc alge wilhave risen 063.2% ofthe supply 
solageadtbeeureat willhave fallen 682% of 


ital yalue ie, 36.4% off. Hence, /=368% 
SEASONS LATZOA, 


(e) "The voltage ars the ein, 
When r=. 
resistor vliage p= 100e-01/025 


(9 Capacitor voltage 4e=Val —e-") 
‘When the capacitor voltage aches 48. then: 


(©) iat rate ot voltagerise =". 


(i, gradient of the tangent at =0) 


18.5 Discharging a capacitor 


‘When a capacitor i charged (ith the site in 
poston Ain Fig 1.7), and the switch is thea ed 
{0 positon B, the electrons stored in the capacitor 
cep the cure owing for shor time. Intal 
the iastnt of moving from A to B, the cure 
‘ow i such tha the epi 

ace by a egual and opposite vltage ok 
Snitally yee =V- then == VR. Dring thee 
Seat decay, by applying Kuchal’s voluge la to 
Fig. 107.4 


Tiger 187 


ally the tansients decay exponentially 19 240 
ies ety =0, The tien carver representing the 
oliages and euent ate a shown in Fig. 183. 
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Tey 


9) Captor and aor 
vallage ance 


cuenta) 


Tires) 
(0) Comers 
Figure 


‘The eyustions represeatiag the uansent caves dar 
Ing the discharge pond ofa series connected C—& 
decay of voltage, 

eas af current. 


el 


2 eH tlie 


‘When acapactorhasbeendsconacted rom thesup- 
ply imaystl be cargo and it may stain this charge 
for some considerable time. Thus precautions must be 
‘ake ensure tha the eapacior automate ise 
shuged ater the supply is itched of. This is done 


by connecting high ale esistor across the capacitor 
seminal, 
Problem 6. A epactor is charged 1 100V and 


then discharged tough a SOk0 cessor Ifthe ine 
constant ofthe ict s Os. Determine (a the 
"alu ofthe capacitor (b) the time fr the xpactor 
voluge ofall 20V, the cuter owing when 
the capacitor hasbeen discharging for 08s, and 
(4) the volage drop acoss the resistor when the 
capacitor has boon discharging for one second 


Pats (b,c) at () oF his problem maybe solved 
‘tapically av shown ia Problems 1 apd 2 or by 
‘leulation a shou below 

V=100V, 2018s, 8 


k2=50« 10 


(a) Since ime constant, -—CR, capacitance, 


o 
which 150-0" 
Thus e925 and uni 
of cach side, gives 1/0 

las 1295 


satura logaris 
nS and tin, 


et whet the 


v__ 10 


BO re 


‘Working in A uot, 


fete a e008) 


29 0.535= LOTMA, 


vert ens 
one-!2°—100.50.287=287V 


“ 


‘Problem 7. 0.146 capacitors charged to 
200 before being connete aes KD 
‘esistaz Determine (a the itl discharge caret, 
(©) the ime constant ofthe eet and (he 
‘inna te equted fr the voltage across the 
‘apie to fal tes than 2V, 


(a) iil discharge catenn, 


v__ 200 
(abe AO = 0050 oF soma 
(0) Tame constant = CR= 0.1 x 10-8 4 10" 


0.0004 we OAms 


(©) Themininan ne forthe capaci voltage fall 
toes han 2 Le less than 2200 oe 1 pr eet of 
‘hein values given by Sr. Se=3 0.425 


In ade, circuit a capacitor blocks the cusent except 
luring the ies that here are changes in the supply 
voltage. 

For a pectic laboratory experiment an the char 
ing and discharging of capacitor, sce Chapter 2 

page 40, 
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[Now te the following exercise 


Exercise 104 Further problems on 


ie 


transients in series 
connected CR circuits 


Anunchared epactorof 0.2 WFis connected 
to a TOOV. de, supply though a resistor of 
10042, Determine. either graphically o by 
faleulation the capacitor voltage 10m ater 
the voltage ha ben apie. 


b93sv 


{A eeu corsets of an uncharged expacitr 
connected insets witha SDKQ resistor and 
har atime consantof 15s, Determine ether 
raphically or by calcula (a) the eapact 
tance o the capacitor and (b) the valiage drop 
Actos the resistar Sm after connecting IMe 
Ssreuit toa 20V, de. supply 

[1a) 03m (6) 1433] 


A IOKE capacitor is charged to 120V and 
then discharged dough a I-SM resistor 
Determine citer graphically by clelation 
the capacitor voliage 2s alr discharging has 
onuenced, Alo find how long it aks for 
the vollage ofall 1025 V. 

os0V.23534) 


Acagacitrs connected in series witha vlt- 
meter of esistance 750K and aber When 
the voltmeter weaiag is steal the bse is 
replaced wat a showing nk. I akes 175 
forthe vltaetr reading to fall eworbinls 
fits orginal value determine hecapacitance 
‘ofthe capacitor, [SS 9uE] 


When 4 3).F charged capacitor is ennected 

{wa ress, the voltage fallby 70 per ent in 

59%, Deterine the Yalueof the reso. 
(lossy 


ASO, uachugod capacitor is conaceted ia 

fevies with a TKO eestor andthe ciel is 

vith to a 100 suppl. eter: 

(4) the nial cutene wing inthe cic 

() thetine constant, 

(6) the Ylueof carter whens SDmv and 

(a) the yltage across the resistor 6s ace 
closing the svitch 


(a) 014.0) 50ms 
(6)364mA  30.1V] 


‘An uncharged 5 WF capacitor is conacted in 
Series with 30kGresitoracrossa IOV 
‘Supply. Determine the tine constant ofthe ct 
‘tthe inal charging curren, the current 
owing 20a afer connecting tthe supply 

[iS0ms, 3.670, 165m] 


‘An uncharged HOUF capacitor is canected 
in series with a 1K resistor andi switched 
‘seus OV supply Deteie thetine con 
‘ant of the circu and the inital value of 
<ureat flowing. Determine als the value of 
uroat Mowing ale (a) 40s and (b) ms. 

[ms 0.114 (a) 667A (40.54) 


‘A ceitor of 05MAQ is connected insti 
With 20, capasioe and the capacitor 
‘uyged 40 200¥. The tatery is replaced 
insantanously by a conducting lik. Deaw 
2° graph showing the variation of capacitor 
Soltage with tine over a peso of atleast 6 
tine constants, Determine fom the graph the 
sppeosimate tine foe the eapastor voltage 
fallto 5¥. as} 


‘A 60 uF capacitor is connected in series with 
‘A 1OLD reststorand conection 20V de. 
Suply- Calculate) the tine constant, the 
inl ato voltage rise) the stl chars- 
ing cuenta (4th ine for the capacitor 


yet teach SOV, 
bese [210.608 () 200i. 


(6) 12mA (€) 03235) 


AC 9 200 de supply is comected to a 
2SMG resistor and a2 F capacitor inseries 
Calculate 
(2) the current Howing 4s afer connecting, 
(hy thevoltgeacrostheresistoraier and 
(6) the energy soedio te capacitor afer 
Tia) 35.95} (8) 8947 
(e) 213) 


(2) In the circuit shown in Fig. 189, with 
the switch ia postion 1, the capacitor 
{s uicharged. Ifthe switch is moved to 
Postion 2 a tine 10s, calculate the 
(i) ini curent hough the OSMS2 
resistor ithe yoltae across the capaci- 
tor when F=1:, and (i the ine taken 
for the voltage across the capacitor to 
reach 12V. 


286 Hla and Eleconicrincples and Technology 


(©) 1 at the time 11.55, the switch is 
‘moved to position 3, caleulte (i) the 
Ina euren through the 1M resistor, 

the enery stored ia thecapuiton 3.8 

late (12 when ¢= 58) 

(6) Skoich a graph of the volage aeoss 
the capacitor against ie from =O 0 
1125s, showing the main pons 

[Ani HOA Gi) ERAS cit 0.8925 
(OW) AOWA GH) 48304] 


igre 189 


18, 


Camer 


sh 


"The itemal workings camera Mash area expe 
‘ofthe application of C—H circus. When a camer is 
fest switted a, abatery slowly charges caps 
itfull peal viva CR eeu. When thecapactor 
is fully changed, an indicator (ed ght type es 
the photogeaphes know tat the Mash seal Tr ws, 
‘Prosi the shuter button quickly dschargestbecapae= 
itr taough he fash (Lea resist, The eaten fo, 
‘the capaci i eesponsible forthe ight Light that is 
‘emi The Hash apy eas eueatin ode went 
‘he bright ight. The capacitor waste be discharged 
bore the fish can be sed again. 


18.7 Current growth in an 
L=R cireuit 


(2) The cuit diagram for series connected L—& 
inci shoe in Fig 18.10. When switch 8 is 
ose, then by Kutch’ wae a: 


toe 6 


x 
Leo 
(0) The ey oage Vi ons, The vlogs 


“ 


w 


eros the inductance isthe induced volag, i. 


change ofcurent_ dé 


BSE ange orime IF 


The voltage drop across R, vais given by i 
Hence, all ines: 


a 
vaed tue “ 


At the instant of eosin the switch, the rate of 
‘ange of euren i such tat it induces ae 
sequal snd oppasieta V 


inte inductance whl 
hence V 


A shor ime ater at ine 1 seconds after elosing 
S.cument i i owing, since thee is ate of 
‘ange of creat iil, resulting in &vollage 
ropa 8 aso the weston. Since V (which s 
oastaat)=e-+m the induced ean seduced, 
‘su equation (becomes 


A shot ae ler il say atime t seconds afer 
losing the switch, the eutent owing i 2 acl 
the walage drop aos the resistor increases 10 
‘e8t Since em increases, decreases. 


Utinatelya few seconds ter losing S the cu 
rent ow setitely limited the rtf change 
Df creat is 2 and hence eis 220, This 
Vif. Under thes conditions, steady-state cu 
rent lows, usually signi by 1-Thus, 1=ViR, 
‘m= andy =D at steady sat conditions 


Curves showing the changes in em and é with 
tie a shove i Fig. 1811 ad site tht 
‘a maximum valu nally (., equal 0 V), 
Aecaying exponentially 227, wheres ty and 
fw exponentially fom 20 t heir steadstate 
Sales of V and = Vi respectively. 
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18.8 Time constant forand —R circuit 


‘Wat reference to Section 18.3, the time constant of 
series connected LR cic ie defined inthe sae 
‘way athe tine constant fr a series connected C— 
‘cit es vale given by 


time constant, r= seconds 
R 


‘Transient curves representing the induced vollage/- 
time. resist vollageime and cureatime charac 
terns may he drawn graphically, as outind in 
Section 18, A method of consti is shown in 
Problem 8, 

Each ofthe transient curves shown in Fig, 4.11 have 
‘mathensatical equations, and these te! 


decay of induced yaltage, 
seve a yet 
roth of resist voltage, 


ae Pty Vide) 


‘roth of current How, 


fem—eM amet) 


‘The application of these equations is shown in 
Paste 10 


Problem fA selay hasan inductance of 100m 
sua tesistnce of 200. Is connected to a60V, 
“4 supply. Use the inital slope and thee poi 
‘method to draw the cureninechaacteistic and 
once determine the value of current owing aa 
time equal to Wo tine constants and the ine for 
thecusent to grow to LSA. 


‘Before te currntie characteristic an be daw, the 
ime constant and steady-state Vale of the eurent have 
tobe caulte, 
Tine constant, 


Final value of eutent, 
vw 
cae) 
“The method wsed 10 construct the characterise is the 
same a that used in Problem 2 


1 


(2) The sales should span at eas fete coasts 
(octal) Le 251s, and 3 (verally) 


(0) With eterence wo Fig 18.12, the inal toe i 
‘bane by making AB equ 1 1 ime constant, 
(ie, Sts), and joining OB, 


on) 


tan an 


(©) Atatoeof I tine constant, 
CD iv 04632 «1=0632%3=1896A. 


‘At stime of Stine constaas, Hs 
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(i) Asoo curves dawn ttrough pois 0D, Fand 
‘aad hs curve isthe cutee characte 


From the earactersie, when 1=2¢, 126A, [Ts 
may be checked by calculation using /=1(I—e-"), 
Where /=3 and 1=2e, giving /=259] Also, when 
the cuseat is 5A, the corresponding time i about 
‘Aéms. (Again, tis may be checked by eaeulaion, 
tag = 1(1—e-"") where =1S,1-—Sands=Saty 
siving=3.466m¢] 


Probl 9. A col of inductance 0.041 and 
resistance 102 is connected oa 20. de. sup: 
‘Deternine (athe final vale of cszent, (the tine 
constant ofthe ict, (6 the value of erent afer 
2m equ to the ine costa fom the instant, 
‘he supply voluge is connected, (the expected 
‘ime forthe cuentt se witha I er cet ots 
final value 


(2) Final steady cwtem, A 
(h) Time constant ofthe etc, 

1 _ os 

=O ants ots 


(6) Inthe time rs he cureat ries 0 63.2 percent of 
‘tinal value of 12.14 inden the erent ses 
toe? 12-7580. 


(a) The expected ine forthe eurent ose within 
‘fis ol vale is given by 5 


Problent 10, ‘The winding of an electomapnet 
hasan inducianee of 3H anda tesistanee of 152, 
‘When itis connected toa 120V. de supply, 
calculate: the steady-state yale of current 
‘owing in the winding (b) the time constant of the 
slr (6 the valu ofthe induced ez after 0.15, 
{4 the ine forthe erent ois 10 HS pe cent of 
‘tinal Value nd (6 the valu of the curent 
alter 0.35, 


(2) The seady-stae valu curt, 


(0) Thetine constant ofthe cuit, 


EA Laas 
3 


ats (cd ane) ofthis problem nay be deter: 
‘mine by drawing the tients graphically, as 
shawn ia Problem 8 or by calculation as shown 
bk. 


(e) The induced em, is given by 4 =Ve~"" 
‘Thede-wollageV i DOV,risO.1 sande is 0.25, 
ence 


vw = 1202 pages 
120 x 06065 = 72.78 


(8) When the cutent is 4S per cnt of tein value, 
SUAS Also, =/(1—e""), thus 


Taking satura logarithms of each side of this 
equation gives 
tne? = In. 


aby the laws of logan 


Ins 


02in6. 


13798 


(el The cutest at any 
de!) When = Kr 


instant is given by 
Sand 1-02, 


sue!) 
<0.7769= 62158 


18.10 Current decay inan L —R circuit 


‘When zeties connected J  cteuitisconnected to 
Le supply ax shown with Sia position Aof Fig, 8.13. 
curent/=V/tlowsafter a shor tie. ccating a mag 
‘ciel (a1 associated with the induct, When 
‘is moved 1 position B, the curentvale decrease, 
aking a decrease inthe sength of the magnetic eld, 
Flux linkages cceur, generating a voltage oe © 
(dia. By Lena's la this vollage keeps eurent 
‘oun steer is valu being amie by Since 
Ven tie 9 Fo and y= =, be an 
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Figere1813 


‘a equal in magnitude but opposite in direction The 
‘ten docays exposentaly to zero ad since 
pomtionalto he catenins decaysexponeaially 
to ez, Since oy =U, ty also decays exponetaly 
2a, Thecuressepeseaing hese ails asia 
tothow shown in Fig. 189. 

The equations presenting the decay unseat 


ei") 


Problemy 11, The field winding ofa HOV. de. 
‘motor asa fesistance of 1812 and a tine constant 
(of 2s, Determine the inductance and se the 
‘genta method 1 draw de curentie 
‘hacer when the sapply is removed and 
‘replaced by shorting Link From the characters 
etemine (athe current Mowing ia the winding 35 
alter being shoted-out and (b) th ine for the 
‘tent ta dey 105, 


Since the time constant, 
tance LIS x2—3001 

‘The cuenta characteristic is constructed ia a 
sar way to hat used in Problem | 


(L/R), L=Re ie ind: 


(0) Thoseaes should span at eas Hive tine constants 
horizontal. 10, and 
T= ViR= 110/157. A vetcally 


(i) With seterence 0 Fig 18.14, the inal slope is 
buat by making OB equal wo 1 time constant 
ie 259, and joining AB 


(li) At, say, 1=6A, le he the point on AB coe 
sponding to acute of 6A. Make DE exalt 
Tig constant, Le. 29) and join CE 


x)Repeatthe procedure pivenin i foreurtent val: 
os of saylGA, 2A and 1A giving points FG 
and 


(0) Point 1s five die constants, when the vale 


i 


igure 4 


(oi) Join points ALC. FG. HE and J with a 
‘mouth curve, This cave is the euneatine 
acest 


(0) From the eurcatline chuewsersie, when 
F=34,=13A [This may be checked by 
‘aulton using /= Ze", where 1=7.3, 
FS and ¢=2, giving (= 1.64}. The ds 
crepancy between the two results Is due 
Feltvely few values such ab C, FG and H, 


eng taken, 
() From the characteristic, when 1=5A, 
4 070s (This maybe checked by eal 


Inion using = Ze", where =, 1=73, 
#22, giving1=0-7663} Again, he dire 
ney between the graphical and calcula 
“ales sd wo relatively few values such as 
C,F.O and H ting taken, 


Probie 12. coll having an inductance of 6H 
aa tesistance of Ris connected in seis witha 
‘esistr of 1022 to a 120V, de supply. The ie 
onsen ofthe cite is 30ms, When teady-iate 
onions have boon ached te supply iseplaced 
instantaneously by a short-circuit Determine 

{a) the resistance ofthe cob the cute owing 
inthe ccuit one second afer the shorting Lak has 
boon placed inthe exci and () the te taken for 
th cuenta 10 pee cent of its intial valu 


(a) The ime constant, 
‘bul cveutresitancs ~ FTO 


jctnce 
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thas to 4-102 & eto (a) Thetransint cate, 
- rae") and 
Pars (band (c) nay be determined graphically ax 
‘on in Problems and 11 or by calculation ac Working in A units gives, 
stone ine 241 —erI) a4 oF 
(by ‘Te steady-statecurten, itt SEs) <ikink 


()-Theyoltage deop scrote inductor. 


‘Te transient cute afer 1 second, ‘guid 
bate tel 
Thus (66-7 =6 «003567 The voltage dopscroas the resistor, 
anda. m=Vnet) 
(6) 10-per cent ofthe inital value ofthe eure is When = 34m =2411 
(10/100) 6, 16 Using the equation =m 
Fate" ines ~nny 


os 


[Now try the following exercise 


7 Exercise 105, Further problemson 


a6 ransientsinseries 
“aking natural logins of each side of this LReteuits 

xuaton gives: 1. A coil ha a inductance of 12H and assis 

yom tance of 409 and is connected 10 4 200V. 

ta de. supply. Either by dawing the cunt’ 

hoa whch, tne, = 0.31n 1006915 time characteristic ory eaeulationdetermine 

the vale ofthe current owing 60m afer 

eS sey connecting thecoiltothesupply. [432A] 


esitnce and an inductance of 200 08 and is 
‘connected in series witha TKO resistor toa 4, 


A.25V de wpply is comected 10 4 coil 


Rapper pours ea ees ‘of inductance 1H and resistance $0, Ether 
‘uci and the steal state valu ofthe eueent by using a graphical method 10 draw the 
‘osing inthe ecu Find (a) the eurent owing ia exponeatia gotheue of cute o by ca 
fac ESSE elkaceal pace ens alton determine the value of the eaten 
(be voltage drop acoss he inductor at ime Aowing LOOas after being connected tothe 
yu oto tects, an (the velsge sup: [97a 
sop across the resistor afer a ime egal teee 3. Ap inductor has exiance of 209 and an 
ime constants. inductance of 41H isconnectd toa SOV de 
supply Calculate the vale fcsteat ow 

‘Thetime constant, ingle .1 and (b) the tie fr the catent 
ie topow tol SA [ia 09844 

=f = no2ms (0.835) 

‘The steady-state cutent 4. The tld winding of « 200V de. machine 


hay existance of 2007 anda inductance of 
South, Cau: 
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(2) the ime constant ofthe eld winding 
(the alueofcurtet fl one tine constant 
After being connected othe supply, and 
(6) thecarrent lowing SOms ater the supply 
hasbeen switched on 
Tia) 25ms (0) 632 (0) 8.654) 


5. Acchcut comprises an inductor of 9H of ne: 
gible sesistance connected in sexos with a 
(0 2rersoranda 40 V de source. Calculate 
(a) the tine constant, (b) the cuenta 1 
time constant, () the time to develop mas 

‘mura caren, (the tne forthe current 10 
reach 25, and () the intl rte of change 
steuent. 


11a) 0155) 28284 (010755 
(041075 (e) 2657s} 


6, Intbeinductvecieuitshown in Fig. 18.15,the 
switch x maved from position Ato position 
8 unl maximum curent ix Bowing. Calu- 
ae (a) the time take forthe voltage seoss 
the resistance each ¥ vols, (b) the time 
taken for masimum current ow i the ci 
ute) the energy stored inthe inductor whee 
‘makin urea is Bowing. and (the tine 
forcutent drop 10 TS014A ater switching 
tmposiion 

Tia) 64.38ms (4) 0.205 
(60203 ()75Ta], 


18.11 Switching inductive 


its 


‘Energy stowed ia the magnetic eld of us inducorexsts 
‘cate acumen provides the magnetic field When the 
de supply i sited of he cust falls apy, the 


magnetic el collapses causing age induced em 
‘wich willeiter cate an are actos theswich contac 
‘ew eak dowathe ulation between adjacent tums 
ofthe col. The high induced ean acts ins dvetion 
‘which ends to hee the cuter fawn, Lene same 
‘ition us the applied voltage. The corgy ftom the 
‘magnetic eld wil hus beaded he supply volgen 
‘maintaining an ae, which could cause severe damage 
therwitch Toreducetheinduceden when the supply 
sith is opened, a discharge reanor Rp is connected 
Sparel withthe inductors shown in Fig 1816. Tae 
sugnetc Geli energy ie desipated a edt a Ry and 
sau ring tthe tt contacts is avoided, 


18.12 The effects of time constant o 
a rectangular waveform 


Integrator circuit 


‘By varying the value oF cher C o¢ R ia a sees: 
connote CH cca, the time constant ( 

fo a leu can be varied. I «rectangular waveform 
‘uring ho -+E 19 ~E applied oa CK ewes 
sav ia Fig. 18.17, ouput waelorms ofthe espa 
Tur voltage have various shapes, depending oa the value 
‘Of R. When R is stall, ¢=CR i sia and an ou 
put waveform such as that shown in Fig. 1480) i 
Dine, As the value of is inreso the waefors 
‘anges otha shown in Fg. 18.18(0) Whoa Ris age, 


ARR T oureut 
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the waveform sa shown in Fig. 181K) the cuit 


tne 
© 


Differentiatorcircuit 


1a rectangular waveform varying from +E 1 —E is 
applied wasenesenanected C— R crcutandthe wave 
Tor of he vote dp actos the resisters observed 
as showin Fig 18.19, tbe ouput waveforn ales a 


ial ue ibe ine oe (eC, og 
th 
se fe carmr 


When A i small, the watefoon is a shown ia 
Fig. 112040, the voluge being generated acrout & 
by the capacitor discharging fanly quickly. Since 
Te change i capacitor vollage is om +E WE, 
the change in distharye cust is 2E/2, resulting i 


cH cy 


igure 20 


change ia vollage across the resistor of 2 This ce 
‘it iscalle u differentiator eeu, When i age, 
‘he waveform eas shown in Fig. 1820(0) 


[Now tr the following exercises 


‘Exerclse 105 Short answer questions on 
detransients 


A capacitor f capacitance C fara is connected 
inseies witha resistor of Rots andi switched 
serosa constant volage de. supply of V volts 
‘Alera time of seconds the euteat owing 
4s (amperes, Use this data to answer questions 
Trot 


1 The voltage drop across the resistor at tne 
‘seconds so 


‘The 


agcitor volage a time ¢ seconds is 


3. The vollge equation for the ckeuit is 
v=. 


4. Thetime constant fr the cites 
5. Thedinal valu ofthe caret Nowing i 


6. The initial vale ofthe curen owing is 
e 


7. Thetinal value of capacitor voltages 
8. Theiniial yale of capacitor yokes 
9. Thedinalvalucof the voltage drop acros the 


10, The inal value of the vag drop atone 
te esr is 


A capacitor charged 0 V vols is disconnected 
{roe the nappy and dtcharged though a essor 
of Robins. Use this data to answer questions 11 
ols, 


ML, The inal value of current owing i 
e 


12, The approximate tne for the eure to fal 
toe inter of Cand Raat 


13, tbe value uf resistance is doubled, the 
time forthe caren fall 210 is 


wea compared with thee inquest 12 
hove 
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14. The approximate fll in the value of the 
‘spacitor vollage ina tine equal 1 one tine 
constant isp ent 


1S. The time constant ofthe circuit given by 
seconde 


‘An inductor finductance L tenes an aegligible 
tesisance i connected in ceties witha resistor of 
fesiance Rohn and ix switched across 8 con- 
stan vollage dc. supply of V volts. Ate a sine 
{nterval of seconds the tansen curent owing 
{4 amperes Use his daa to answer questions 16 
wos 


16, The induced ean. 1. opposing the curent 
flow when 


1 The current owing when 


19. Vo and uae related by the equation 
em 


20, Thetime constant ofthe cieut in erm of 
and Rls 


The steady-state flue of the cue is 
reached in pace time equal to 
seconds 


2. The stedy-rnte voltage across he inductor 


Issel 

23, Thefinal value ofthe cutent Rowing ix 
amperes 

2M. The stealy state resistor voltage is 
salts 


25, The em induce in the inductor during 
the wansicn i terms of current, te and 
Inductance ic... yalls 


Aeros connected L— Reecuitcarying acurent 
‘Of 7 amperes i udenly short-circuited to allow 
the current to decay exponentially. Use this data to 
nawer questions 2640 30 


26, The cure will fall t0.... percent of ie 
Final alu inate equal othe tine constant 


27. The voltage equation ofthe cicutis.. 


28. The tine constant of the cet in terms of 
and Rie 


29, The curent sachs sera in 
‘conde 


30, Ifthe Value of i halved, the tie fr the 
sumentefall io zerois...-when compared 
‘with the time in question 29 


equal to 


231. Wid the ad of czcuie diagram, explain 
tio the elects on the waveform of the 
capacitor voltage of aleing the yale of 
Tesiance in a series connected C— R ct 
cit, when a setangular wae i applied 0 
the circuit 


32. What do you understand by the em in 
rate eeu 


33. With reference ta rectangular wave applied 
tw a series cected CR ecu, expla 
‘ely the shape ofthe waveloom wien 
‘small an hence wht you understand by the 
tenn ifeentitor ctu’ 


[Exercise 107 Multichoice questions on 
ac transiente 
(Answers on page 421) 


An uncharged 24F capaci is coaneced ia sees 
Wwia SMO resistor ta 1O0V, constant volag 
‘Le. supply In question 1197. ase this data 
select the corectanewer fom hove given below: 
(a) 10m) LOY" fe) 10s 
(® OV (e) 20KA Is 
fa) OV (4) SOV) tas 
() SOWA) 20mA 0A 


1. Determine the time constant ofthe citeit 


Determine the final yolage acroes the 
capacitor 


3. Datei the iil woliage across theres 


4. Datemin the inal voltage across the vesistor 


S. Detemnine the ini voltage scr the 
captor 
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Determine the iil cutet owing in the 
clei, 


Determine the inl cuent flowing inthe 
clei. 


1s questions and 9, a series connected 
(CA cieuts suddealyconneciea to ade. 
source of V vols: Which of te statements 
fale? 


mn 
) 


e 
w 


Cy 
» 


nm 
w 


‘Theil arent owing ssivenby WAR 
‘The ime constant ofthe iets given 
bce 

‘The curet grows esponetily 

‘The inal value ofthe cent is 2x0 


‘The capacitor voltage equal to the 
voltage drop across terest 

The vollge drop across the resistor 
decays exponcailly 

"The inital capacitor voltage is 2210 
‘The nial voltage dep actos the nss- 
tor is HR, where 1 is the steady-state 


capacitor which schargedtoV votsisdis- 
‘aged througha eestor of Rohs. Which 
fhe following statements alse? 

(a) The iiial-cumest Bowing is VAR 


amperes 


() The voltage drop eros the resistor i 


equal othe capacitor voltage 


() The time constant ofthe etcuit i OR 


seconde 


(2) The cument yrows exponentially 0 a 


final value of /R amperes 


‘An inductor of inductance 0.11 and nepli- 
sable existance is connected i seis wth 


502 resistor 1 


20V de. supply tn ues 
115, use hi data to etre the 


‘lu requited, selecting your answer fom, 
"hose give below 


@ 


@ 
w 


0 


Sm (b) 16V (@) O4A 
SO0ms te) TAV (258 
2m) OV) OA 
av 


1. 


‘The value ofthe time constant ofthe ctcuit 


‘The approximate value ofthe voltage across 
the resistor after time equal to the uae 


‘The final value ofthe curen owing in the 
‘The inal value of the voltage across the 
inductor 


‘The final value of the sendy-stte voltage 
sere the inductor 


"The time constant for a cite containing 
capacitance of 1O0aF ia series with a 52. 
ressance is 

fa) OSus (h) 200s) Spe ld) SOus 


‘The te consant for cicuit containing 
sm inductance of 1000aH in sees with a 
Fessance of 4 i 

(a) 28m (b) O05) 0444) 40s 


‘The graph shown in Fig. 18.21 represents 
the growth of cument in an L— & sero ct 
suit connected 9 ade. voltage V voll The 
‘uation forthe graphs 

ie IE) yy 


(dest) 


Chapter 19 


Operational amplifiers 


| Ate end oF his chaper you should be able wo: 


_aprocae sew rte 


‘eon opie 

oe 

ee 

| tae tie tame 
summing 

eee 

| 


[5 svt apna even 


Introduction to operational 


mplifiers 


Operational Amplifiers (asully called “op amps’ 
sere riginaly made fro discrete components, being 
esigsed 16 solve muthematical equations eleeuons- 
calls. by performing operations such ay addition and 
Avision in analogue computers. Now produced ia 
ineprated-<itcit (IC) Fou op amps have many uss, 
‘with one ofthe most important bein asa high-gain 
ad ac voltage ampli. 
‘The mala properties ofa opamp include: 
(i) avery high open-loop voltage sain 4 of around 
10" ford tlw frequency ac. which deren 
ss wih fequeney increase 


-ecopnie the main properties of an operational amplifies 
understand op an purmeters put bias current and offset cuent and vllage 
define and cleat common-mode rejection ratio 


explain the principle of operation, dew the cicait diagram symbol and caulate gain for the following 


(3) avery high input impedance, rypiclly 10° wo 
100. such tat cument dawn fro the device, 
or the cea supplying is very stall and the 
‘nut vltgeispased on tothe op amp wh ie 
toss 


(Gi) avery tow ouputinpedance, sound 100, sul 
thar is output volige is wansered efficiently 
‘w any load prestr th 3 fw killin. The ele- 
cult diagram symbol fran op amp ix shown in 
Fig 1.1. Inhas one ouput, Vo, an to inputs, 
the inverting Input, Vj is marked —, and the 
no inverting input Vis make + 


“The operation ofan apap is mast convenient from 
dual balanced de. power supply =¥, (le. +, 
0, Vor the cone point of the supply, Le OV, i 
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uaa 


common to the input and output circus and is 
‘taken a thee voltage reference Level. The power sup- 
ply connects are aot usually shown in a cHcuil 
‘Sigg 

“An op ump is asc differential voltage apli- 
fey, Le, st amplifies the diference between ip 
oliages Vj and V;- Thee situations are posse: 


(i) iF Ve> Vi, Vals psiive 
Gi) EVE < V4, Ve ismegaive 
i) V2 = Vi, Voiszera 


Ingeneal, Ve Aa(V2—Va) 


Me 


or Aw o 


where Ay isthe open-loop voltage gin 


Probleny 1. A decal ampli hasan 
open-loop voliage gain of 120. The pat signals are 
224SV and 235. Cakulte the output voi 
the ampli 


Feom equation (1), output voltage 


Vy = AW Vp) = 1202248 - 235) 
20904 

‘Transfer characteristic 

Atypical voltage characterise showing hw the out- 


ut Vo avis with the input (V2 Vi) is shown i 
Fig 102. 

Tissconftom Fg, 19.2that only withia the ery sal 
Input ange POO isthe ouput decty proportional othe 
input itsia hisange thar he opamp beats lincaly 
and ther sini distortion of the amples oupat 
Inputs ouside thetinear range cause saturation and the 
‘tpi is then close othe maximum value, Le, +V, oF 
“V,-Thelimited near behouris ductor very High 


avert 


Figure 192 


‘open-top gin and the higher its the greteristhe 
iaion. 


‘Negative feedback 


‘Operational ampli eal alwaysuse negate feed- 
back, obtained by feeding back some. oF all of the 
output the ieverting(—) np (as shown in Fg. 193, 
inthe neat section. The feedback produces an Outpt 
‘voltge that oppose the ane fom which itis taken. This 
‘educes the new output ofthe amplir and he resule 
‘ing closed-oop gait A is thew les thas the epe-loup 
sain A,- However a esata wider range of vate 
canbe applied othe input for aplication. AS hg 
‘Av A negative feedback gives 


(0) constant and predictable vote gia A, 


Gi) seduced ditonion of the oupat and 


1) eter Fequeney response 


“The alvanages of using nega feuhack outweigh 
‘he accompanying loss of gai which seas) increased 
by sing two or more opamp stages 


mndwidth 


“The open-loop voltage gain of an opamp is nt cow 
stant a all frequencies: because of captive eff 
it falls at high fequencies. Figure 193 shows the 
‘ainvbandvidth characteristic of & 741 op amp. A i 
(quencies below 10H the gain is constant, but at 
Higher frequencies the gin fll ta constant eae of 
{6dBoctye (equivalent oa rat of 2048 pet dscade) 
1 Od. The gan-bandwis product fr any amples 
{ste linear voltage gain mulplied bythe bani 
at that gaia, The value of Mequency at which the 
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Pager 93 


open-loop inhale ta uniy ical he 
Aequency fr. 


i 


In Fig, 193, fr =10°He ox 1M: a gain of 2048 
fe, 20 logy) gives a LOOKE2 bandwith, whist 
a yainof80dB (ie. 200g, 10" resietsthebandwidh 
to 100s 


19.2 Some opamp parameters 


Input bias current 


‘The input bias current. fa, i the average ofthe cut 
‘ents inotbetwonput terminals with te outt x0 
‘ois which typically round 80nA foe 80% 10-? A) 
fora 7410p ap. The apt bias cute causes a vol 
drop acres the equivalent source inpedance seen by 
the opamp ipa 


sition 


Jose-oop vt 


gain chandwidh (2) 


Input offset current 


‘The input offer cuneat, J, of an op ap he ifer- 
ce between the two input currents with he ouput a 
20 voll In 4741 op amp, J istypeally 200A. 


Input offset voltage 


Inthe eal opamp, withbothinptsat eo there sould 
‘we or output: Duc to imbalances within the amplier, 
this not always the case and a seal utp vliage 
‘evs, The effect ean be mld by applying a small, 
‘bet voltage, Va, tothe ampliiee Ina 1 opamp, Vy, 
Isiypealy 1 


common-mode rejection ratio 


‘The ouput voltage of an opamp is proportional to the 
sifference tween he voltages appli its two pat 
‘ecninals eal when the wo vllges ae equal, the 
‘uiput voltages shouldbe ze. A signal applied to both, 
{nt texsinae felled a comanoermode signal and it 
isusully an unwanted noise voltage. The ably of a3 
‘pam 1osuppress common-mode sigals is expressed 
{eens of its cman mode rejection rai (CMRI, 
‘which define by 


iterentit 
volage gain 


1s 7410p amp, the CMRR is typically 9B, The 
seamon-ode But. Ag it defined a 


a 


where Vasu the commun input signa 


Problem 2 Detenine the common-mode gin of 
nop amp that has a differential voltage gin of 
15010" und 8 CMRR of 9048, 


soko 
eer 
conn 0p See } 


ss oe =e 


‘ne 


foo which 
150.10" 
4 o( ite =.) 
pan 
eg get 18010 
“ommornode 
‘an 
150 10" 
Hence, common-mode gain = 150% 10" _ gyy 
wala oe 
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Probl 3. A decal ampli hasan 
‘open-oop vllge gain of 120 and a common input 
‘anal of 3.0V to oth teminals, An ouput signal 
of 2inV rsalts. Calculate the common-mode gain 
ad he CME 


Fron equation (4), the common-mode gai, 


We co ‘ 
Bow = BE sto 
om equation (3), the 
freak 
voltage gain 


as 


EMR = 2010845 


=o 15000 = S24 


Slew rate 


‘The slew rate of an op amp is the maxim eate of 
change of oupa vollage following 4 sep input vol- 
‘ag. Figure 19-4 shovs the effec of slewing: cases 
the ouput voltage to change at «slower eat than the 
input auch thatthe ouput waveform i a disrton of 
the inp waveform. 0.5 V/s typical value forthe 
slew ate, 


19.3 Op amp inverting amplifier 


“The hase circu for an inverting ampli is shown ia 
Fig 19-5 whore the input voltage Vac or dc) 0 be 
ampli is applied via esitor Rothe ering (~), 
‘enna the up voltage Vis thereto inant pase 
wit the inp The aow-inering (+) terminals bel 
a1 OV. Neyaive feedback is provided by the feedback 
‘esis, eon back acer ection of the outpat 
‘voltage othe ier termi 


Amplifier gain 


{i an deal op amp two assumptions ae made, these 
eng hae 


(@) each input draws zero caren fom the signal 
Soure, Le tbeirinputinpedances gia, 


(i) the inputs are both the same penal ihe op 
up 6 ao aur Le- Va= Vivi Fig 198 


nFig. 195, V0, hence Vy =D and poi X scald 
Vital earth Ts, 


an 
Hover 1 = J rom assumption (i) above. Hence 
M_-Me 
ne 


the negative sign showing that Vs is negative when Vis 
ostve and vice vera 
‘The closed-lop gal A given by 


o 
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"Tis shows thatthe gun ofthe amplifier depends only 
‘athe two resists, which ean he made with pre 
values, atl not on the eateries ofthe op amp, 
hich ny vary fom sample w sample 

For etampl. if = 10K and = LOOKS then the 
lose-oop 23, 


00% 108 
arse 


“Thus an input of 10000 will cause an ouput change 
ony. 


Inputimpedance 


Since point X isa vitwal eanh (ie. at OV), R may 
‘be conidered to be connected between the inverting 
(input tenial and OV. The apt mpedance of the 
‘lucit is thereoee i parallel wih tbe mach greater, 
input impedance of te op amp, is effectively R, The 
lteiciapat impedance canta be controlled by ply 
‘hanging the valu of 8 


Problua 4. Inthe inventing amplifier of Fig. 195, 
R= 1kSand R= 2k. Determine the output 
‘voltage when the input voltage i: (a) $0.8) 

0) 129. 


rom equation (5), 


(a) Whea v= 40a, 


2) so.) = oa 


Problem. "The op amp sbown in Fig. 19.6 hax 
inp bias curentof 100HA at 20°C: Calle 
(Gye voliage gan, and (b) the ouput et 


‘lta de the inp ia current. 6) How can 
the effect of input bias curtent be minimise? 


pau 


Figure 19.0 


Comparing Fig. 196 with Fig. 195, gives R= 10k. 


sad = IME. 


(4) From equation) voltage gain, 


hte toe 


Bo Tox = 


(©) The input bse cures, g, causes a vol dro 
across the equivalent source fpedance sce by the 
{op ap inp, i this ease, and in pall 
Hence, the oft voltage Vq atteinput du othe 
OQ input bias utent,J sven by 


10x10 x1 x10 


FON TO TOTTI, 


= 0-79.94 105) =99 «10-4 
099m 


(e) The effec f input bias current ean te minimised 
‘by ensuring that hot ips se the same 
ing resistance. Ths means that a restanee of 
‘alue of 9.949 (tom pat (b) shouldbe placed 
Detween the now-iaverting (+) terminal and 
earth in Fig. 198, 


Problem 6 Design an investing amplifier to have 
voltage gain of 40d closed-loop bandwidth of 
“Skt and an input sistance of 10K. 
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“The voluge gin of n op ump. in decibel is given by: 


sin in decibels = 204 (voltage gain) 
fon Chapter 10, 

Hence 40= 2010510 A 

fiom which, 2 

aod a 


Wish eterence to Fig. 15, and from equation (5), 


ae|& 
ie. —e 
ey 

Hence 10010 < 10° Ms. 
Feom equation (2), Section 19.1, 

frequency = gain bandwith 


0 5 107 


Site or SOD KHZ 


[Now ty the following exercise 


‘Exercise 108 Further problems on 
‘operational amplifiers 


1, A iferental amperes an open-loop vot- 
‘age gain of 150 when the input signals re 
3SSV and S40, Determine the ouput volt 
‘age ofthe ampli. T25Vi 


s 


Calculate the difereta voltage gain of op 
‘any thathass common-mode gain of 6.0 ana 
S CMRR of Hod, 6 10) 


3. A ditferential ample ha an open-loop vot- 
‘age gain of 50 an a common inputsignal of 
‘SV to bot terials An output ial of 
‘Sto resus, Detemine the common-mode 
ain and the CMR 

137510", 92.0848 


44. In the injerting ampliter of Fig. 195 (on 
page 298), R= 1SKO and Ry =25k0. 


Determine the outpa voltage when the pat 
volage isa) +0.6V (b) ~09V 
la) —L0V 0) 448¥) 


5. The opamp shown in Fi. 19:7 has an input 

bias curen of 900A at 20°C. Caeulte 

(Gh the Voltage gai, and (b) he out ose 
‘olage due tothe input bias eurent 

Hla) 80 (b) L33m¥) 


Parc 


ca 


{6 Determine (athe valu ofthe feedback esi: 
tog, and (b) the fruency for an inveriag 
mpi to hive 4 vollage gain of ASME, a 
osod-oophandvidh of 104H2 und anit 
fesiance of 2042 

[ia) 386M (by L782} 


19, 


Op amp non: 


werting amplifier 


‘The basic cicuit for a noinvering ampli i shown 
in Fig. 108 whore te input voliage V, (ac. or dc is 
applied the non-inyerting(+) emia the op ap. 
‘Tis produces an ouput Vo that sin phase with the 
input Negative feedback is cbsined by feading back 
the inemting(~) terial the action of Vs developed 
scout Rin he voltage divider foro by Re and 
roa Ve 


‘Amplifier gain 
nF, 1985, toe oc ato, 
% 
PRR 


Ir ay’ be shawn that for an amplifier with open-top 
ain Ay the clons-loop voltage pin A i gven by 
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Figure 198 


Fora typical op any 
pat with andthe above expreiion apoxinaes 


For ctample, if 


ton 10" 
Oe tat 


Again, the gain depends oly onthe values of Rand 
and independent ofthe open-loop pia A, 


Inputimpedance 


‘ioc there too vinual eat tthe noo-invering (+) 
‘terminal; the input impedance is mach higher (yp 
cally SOME) than that of the iverting ampli. Also, 
itis unaffected ifthe pain is altered by changing 
andjor This asn-imverting amples cic gives 
‘ood matching when the input is supped by a high 
Impedance sour 


TORS? the input olage is 
OAV. determine (a) the voltage gain () the 
output volage 


& 


Int vatage 
‘The op amp shown in Fig. 19.9 ie a non-inverting 
pie, sia to Fg, 198 

(2) rom equation (7) voltage pal, 


1x10" 
ta 
ves merty 


» tpt voltage, 


W= G.13)-04) 


19.5 Opampvoltage-follower 


‘The valagefllower is a special ease of the sow 
‘averting ampliier sn which 1004 negative feedback 
‘tined by connecting the ouput ciety tothe vet 
{ng (~) testinal, a shown in Fig 19.10. Tas Ry 10 
Fig, 198s er und, isin 


25 


From equation (6), A =1/38 (when Ay is ery lage 
Since all ofthe ouput fod back, =I and A= 
‘Thus the voltage gin i teuly Land Vs = Vj 10 within 
‘few millivals, 

The cicut of Fis. 19.10 called a voltage follower 
since as wit ts traitor emer fllower equivalent, 
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Vs follow Ulsan extremely high input impedance 
and lo ouput impedance Mts main use ssa baller 
‘ampli, ving curent amplieation, to match shigh 
Impedance source wo alo nypeance loa, Forex 
Pleitisused asthe nput stage af analogue voli 
‘where the highest possible input impedance s equred 
So a6 ot wo dist the Gout under test the out 
pu vollage is measured hy tlasvely low smpedance 
‘moving od meter 


19.6 Opamp summing amplifier 


Because ofthe existence ofthe vial earth pois, an 
‘opamp can be wed o adda number f voltages (of 
ALC) when connected 3 a mult-inpuvering ampli 
fe, Tit, in tm, is a consequence ofthe high value 
(ofthe open-loop voltage gain Ay. Such circuits may 
bo sed ay “ites in au systems v0 combine the 
‘outputs of microphones, cleric puts, pick-ups ce 
‘They ae alo usd to perfor the athena process 
‘oF addtion in analogue computing 

‘The ctcuit ofan op anp suming anpliter having 
‘wee input voliges Vj. V2 and Ve applied via input 
resistors Ai. Re and Rei Showa ia Fig 9.11 Ais 
‘ssumed dat he inverting (~) terminal ofthe op arp 
exw oinput caren lofi passing trough thet 


hthth 


Figure a 


‘Since Xia visual earth (4 OV), follows tha: 


‘Ry ispreater than each othe iapuressors "weighted 


“The thes inp voltages eth added a ampli if 


smnaton i aid have occured Alematiely, the 
‘pa vllaes are added and atenuatedsit sess han, 
each input esis 

oresanpe, if 


ad 


=Vy=H1Vsthen 


Ry, Boys, Be 
~ (fue eer ey) 


“asst 


-8v 


1 Ry =Ry = Ry = Rte input volage ae ampli 
or arenuaed qual, and 


ve 


Bis ayn 
Rais vty 


aso, R= Ry then Vo=—(V4 + ¥5+ V9 
“Te virtual eat salsa called he summing pot of 
‘he amplifier solates the its rom one another so 
that each behaves as if ane ofthe thes existed and 
‘noe feos any of the eter spats even though al the 
‘easton ate connected atthe iver apa, 


Pmblem X. Forth summing opamp shown in 
Fig 19.2, doteraine the output volage, Vy 


igure 


From equation 


Vive 
an(gtetE) 
coxw{ 05, 0% , 12 


50 108) 5 107 $4 10-9444 10-9) 
(50 10) (13 10°) 
sv 
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Op amp voltage comparator 


1 both inputs ofthe op ap shown in Fig. 19.13 are 
‘tse simultaneously: then foe equation (1, page 296, 
‘he up voltage ie gven by 


Vox Aula) 


Figure 193 


When Vs> Vi then Vo is postive. is maxim value 
‘wing the positive supply voltage FV. which i has 
when (VeVi) > Vo/ Ae The opamp i then saturated, 
For example, if i= +9V and = 10° then saturation 
vce when 


¥ 
Wa M2 


Le when V3 exces Uy by 90, aU = BV. 
‘When Vj>Vay then Vi negative and saturation 

sccuts af Vy exces Vy Vijay Le ound 90 

ine above example: in his ease, V, =—V=—DV. 


A snallchange in (95 ~ Vi) therefore causes Vo 10 
soe between near +V, and eur —V, and enables 
‘heopanpiinicate when Vs reat oes tha Vi, 
‘6-10 act a  ifferential ampli and compare 0 
wotags. 1 does this in an electron digital vane. 


Problem 9. Devise a ligh-operate alarm cuit 
‘sing a op amp. a LDR. a LED and a 18 


sup 


A typical lihoperted alum ect shown in 
Fig 1914, 

Resistor and the light dependeatresstoe (LDR) 
foqan a voltage divider acsous the +15/0) 15 sup 
fly. The op amp compares the voltage Vat the volage 
Aide junction atthe inverting (inp, wih ha 
the now averting +) input ie. wit Vs whichis OV. 
Ta the dk the eevistance of the LDR is much greter 
than that of &, 30 more of the 30 across the vat 
‘age divider x dropped acto the LDR, causing V; 10 
{allbelow OV. Now VV andthe ouput voltage V, 
sites fom near —18V to near -+15V and he ist 
iting diode (LED) lights 


19.8 Opampintegrator 


‘The ciel forthe opamp iterator showin ig 19.15, 
Jsthe same as forthe opamp inverting amples shown 
inFig 19.5. utfeedhockoscueviaacapaclor rater 
than yaa resistor, 


a 


304 Elec and Electronic Pines and Tehaogy 


‘The output voltage is given by 


alv ” 


Since the inverting (~) input i used ia Fi, 19.15, Vy 
isnepaive if V positive and vce versa, hence the 
rege rgn in equation (9). 

‘Since ¥ isa visual eath in Fig. 1.15 42. at OV. the 
voltage aeoss is Vand hat oss Cis Vo. Assuming 
‘gn thar none of the input cument eters te opamp 
inverting (input then all of cunent Fos thou 
Cand charges itup. IVs constant, willbe constant 
Valuegiveny = V/A. Capacitor C therefore charges 
‘Ma conan tate andthe potential ofthe utp side of 
(C= Voss inpt side i er) charges So thatthe 
feoback path absorbs 1° isthe cage on C at ine 
and the pal aceos ite the ouspat vote) changes 
from Oto Vo in that tine then 


We 


» 


(Gm Chapter 6) 


mM 
‘Ths osu i the sme as would he obtain roa 


1 fy, 
aa va 
UF Vj isacomstan value 


For example, ifthe input voltage V 
R= 15 ten 


AV and, sy, 


{A graph of Va/t will be ramp function as shown, 
in Fig. 19.16 (Vo=2r is of the staight line form 
‘sims +e: inthis ease = Vy and. =, sae, 
m=? and vertical axe i Vy tues 


mets) 


Figure 19 


steal by +2V/s ia Fig 19-16, and ithe power sup 
ply ssa), 29V-thon Vy eaches $V alter 433 when 
the opamp strates 


Problem 10, A steady voltage of -0.75 Vis 
plied oan op anp integrator having eompeneat 
lus of R =200K0 and C= 25} F. Anuming 
that he ial eapaitor charge is zo, determine 
the valu ofthe ouput voltage 100ms ater 
plication of he ipa. 


rom equation (), ouput yoliage, 


iat; 
Yenngg fue 
1 


STE, 


i 
= [rors 


When time 
‘ouput voltage, V=(1-5)(100210-%) =048V. 


19.9 Op amp differential amplifier 


“The iret for an opamp diferent apie i shown 
in Fig. 19.17 where voltages Vand Va applied 
‘tstWo input terminals andthe differeace between these 
voltages is ampli 


i) Let Vs volts be applied terminal I and OV be 
applied io terminal 2. The diferencia the pote 
ale at he imesting (-) and nowivering (1 
‘op ump inputs is practically zero and ence the 
inverting terminal ust be t zero potential. Then 
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Figure tt 


Vi/i. Since the op amp input resistance is 
‘igh dhseutent owsthnoughiheeetackresis- 
{oF The ol drop across, whichis the opt 
wolage 


nee the lose lop voltage gain Ais given by: 


% 
een 


a0) 


(Gi) By sia seasoning, Vs isappiedt terminal 2 
and OV toterminal , then the voltage appearing 
athe no-ivering eal will be 


(qx) 


“This voltae wil aso appear ate inserting (—) 
terminal and thsthe vollage across sequal io 


-(ntn) 


‘Now the ouput voltage 


we 


(ata) 


(etn) ) 


ay 


(Gi) Finally if the voltages applied o terminal and 
2 ave Vand respectively, then the difleence 
‘etwoen the nwo volaes Wille ample. 


a 


ri)(+B) 0 


Inthe ifr amplifier shown 
10K. 


Problem 1. 
nig. 1017.8; 

y= 1W0K2 andy 
‘up volage Vi 
ay 

® Vv 


Oana Vs 
(@) Vj =S010V and V5 = 


(Vi =25mV and Vy 


(2) From equation (10), 


120) yay 
ors 


soa 


(neR)( 
(a) (+72) 9 


(6) Vi>Vehence from equation (12), 


40m 


(a) Vs> Vj ene ro equation (13), 


ve=is-vp (Vu ® 

vaa-W(eeR) (4%) 
a5,(_!% 100 

c0-20 (apr) (-40) =” 


as)(M) my 
=20 (2) us =a2sanv 
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[Now try thefllowing exerise 


Exercise 109, Further problemson 
‘operational amplifiers 
1 the input vate forthe op ap show 
in Fig. 19.1%, is ~OSV, determine (a) the 
‘ote gaia () the utp oliage 
Ta) 321 @) -L60V] 


——— 
etre [Janne oes 
a 


Figaro 18 


S 


In the eet of Fig, 19.19, detennine the 
‘aluc ofthe ouput voliag, Va, when (a) Vi = 
$3V (hy Vat lV and 

ta) 10 (451 


3. Forthesumming op amp shown in Fig. 19.20, 
eteanie the output vliage, 


Laev 


igure 1.20 


4. A steady voltage of ~1.25V is applicd to 
8 opamp integrator having component va 
tes of R= 125ki1 and C=4.0 uF. Calle 
the value of the ouput voltage 120m afer 
applying the input, suming that che initia 
‘apa charge is 20. 1031 


Stn the afrential ample shown in 
Fig. 19.21, deteine the ouput voliage, Yo, 
4 (a) VidenV and V3 


{ia)-60nV()490mv 
(€)150mV (d) 42358] 


Figure t9.at 


19.10 Digital to analogue ( 


“There ae numberof stations when digital signals 
hye tobe comerted to analogue enss. Fr example 
Algal computer often ness to produce graph! di 
‘la onthe screen; thi itvolr using a A converter 
to change the tworleve ipa ouput voltage tr the 
computer. into a coatinuouy varying analogue voltage 
forth input thecabode ay tbe, otha ean dflest 
the electon beam to prc screen graphics 

"A binary weighted resistor D/A comertr is shown 
in Fig 1922 foe 9 fourbit input The values of 
the esision, R, 2, 4R. SA increase according to the 
binary sale — hence the nane ofthe converter, The 
lucie wes an op amp 36a summing amplifier (ee 
Section 194) witha feedback resistor Ar, Distal cow 
olle eleconic sitees are showa as So Se Each 
‘itch connects te resistor in series with to fined 
feference voltage Vaur when the iapt bi controling 
‘isa T and to ground (OV) whes sis a 0. The iapat 
‘voltages Vt Vy applied the op amp By the fourit 
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™ 


input via the resists thereine have age af 0 vals, 
Lester Varro OV, 

From equation (8), ps 
voliage Vy seven by 


302, the analogue output 


= (leave Bore Baten) 


Lo, he 


(vegergsegs) 


With a fourbit input of 0001 (Le, decimal 1), Se 
connects SR 10 Vaur Le. Va= Vasr, and St Ss and 
Ss connect R, 2R and 44 w OV. making Vi = V2= 
Vp 0-Lat Yaar = ~BV. then output voltage 


vex-(osos0s en) sv 


‘With a four-bit input of 0101 (Le. decimal 5), 8: and 
Sc connects 28 and 88 10 Vagr be. Va = Ve 

and Sy and Sy connect Rand 4 40 OV, making Vy = 
vs 


Assi. Vaer = —8V. then outpur voltage 


= (een orden) a6v 


1 he input is O14 (Le. decimal 7), the output vt 
ge willbe 7V, and sooo. From these eagles, i 
sen thatthe analogue output vole, Vis dey 
proportional 10 the digital lap. Ve has "stepped 
‘wateoan the wate shape dependingunthetinary 
Input pial wafer i shown in Fig. 1923 


al ( 


19.11 Analogueto di 


D) 


{4 digital voltmeter its inp it in analogue form and 
the wading is displayed distally, This isan example 
‘phere an anlogar io digkal converter narda 
lock diagten fra fourbitcounte type A/D con 
‘esion cgi shown in Fig 19-24 An op amp i 
‘Son wed, in ths case us 3 valage emnparator (2 
Section 19.7, The analogue ipa voltage Vs, shown a 


308 Elec and ecroicPinpes and Technalogy 


bor (ESESSESEPESEE SS Glia 
igure 19.28 


Fig 19.25(a) sa stealy de. voltage, is applied wo the 
oo-inveting + input, whist a sswoath voRage Vi 
supplies the veri (—) np 

“The ouput fro the comparator is applied to one 
Input ofan AND gate and isa # tie high’) anil Vi 
‘ual or exceods Vs, when it then goes 00 ("lo") 
‘shown in Fig 19.35), The tbe np ofthe AND. 
{ie i Ted bya seady tain of pulses from a ple ge 
ator, as shown in Fag 19.25), When both pats 0 
the AND gate ae “high, the gate ‘opens’ and ives 
high ouput Lea pulse, as shown in Fi, 10.254, 
‘The time taken by V;toreach Vi propodtonal tothe 
analogue olag the ramp i isea Te output pulses 
from the AND gate ae ecconded by a bina counter 


4 
i 


@ Le 


ano 


and, as shown in Fig. 19.25(c), ae the digital equ 
lent of the maalogue input votage Vs In practise, the 
‘amp generator isa D/A converter which ake its digital, 
input ros the isay counter, shown bythe woken ines 
in Fig. 194, Av the counter advances through its mo 
‘nal binary sequence, asaiese waveform with equal, 
steps (Lamp) is bul yp athe output ofthe DIA 
converter (a show bythe ist few tps in Fig 19.23, 


% - nab) toa 
‘ l Pt 
cr 
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[Now try the following execses 


Exercise 10 Short answer questions on 


perational amplifiers 
“Liste main properties ofan op arp 


‘Sketch a typical voltage eharactertic show: 
ing how the output volage varies with the 
‘pu voltage fora op asp 


Wht effect does negative feeace hve 
wen applied an opamp, 


‘Sketch typical gunfbandwidth charatss- 
‘ic foea opamp 


With reference 1 an op amp explain the 
frruneters opt bse current, ip et 
‘Suen and input off voltage 


Define common-mode jection tio 


Explain the pinciple of operation of an 
‘op amp inverting ample 

‘wan inventing ampli, the closeoop gaia 
Aisgiven by: 
Explain the piniple of operation of an 
‘op amp son iweting ample 

{na non-inveting amplify, the loe-oop 
sin Ais given by: 

Explain the pinciple of operation of an 
‘opamp voltage-fllower (or htfer) 


‘Explin the pinciple of operation of an 
‘opamp sunning ampier 

{na wuming plier haying tc inputs, 
‘he output voltage V, is give by: Vj= 
Explain the pinciple of operation of an 
‘op amp voltage comparator 

Explain the pinciple of operation of an 
‘opamp iterate 

‘ian opamp isepatr the output voliage 
in siven bys i= 

Explain the pinciple of operation of an 
‘opamp diffe ampliscr 

Expl the peincipe of operation of binary 


‘weighiedexstor digital 0 analogue com 
‘ener using our bt input 


19, Explain he pinciplof operation of four bit 
counter type analogue digital comyeter 


Exercise 111. Multichoice questions on 
operational amplifies 
(Answers on page 421) 


1. Adifeeatil ampli has an open-loop vol 
‘age gainof 10. The input signals ate 2 Vand 
2AAV. The output volage of the ampli 
@ -10y () tay 
© wy (ay tv 


‘Which of the folowing statements relating 0 

‘pertional amplifiers is tr 

(@) Ithasahighopen-loop vole aia at low 
frequen, alow input impedance ad ow 

‘output impetance 

Ie has high open-loop voltage gain at 

low fcquone, a high input impedance 

and lo tp inpetance 

Inhas alow open-loop voltage gin at low 

frequency, high input impedance and 

Jo output impedance 

Iuhasahish open-loop volugegainatlow 

frequency, ow input impedance and 

‘igh output impedance 


) 


i 


@ 


3, A deren amplifier has a vote gain of 
12107 and common-mode ejection 0 
of 100d8, The common-mode gain ofthe 
pertiona ampli 
G) 12108) 12 
() 12e10% (a) 1210 


4, Mheoutputvoage, Vin theamplie shown 
nig, 1926 
(@) ~02v () 418v 
(@ 40av (@) “18v 


5, The 3h resistor in Fig. 19.26 i eplaced by 
tone of value 0-1MO, 1 the op aap has a 
{pt bis cuter of SOMA, the ouput ost 
wate is: 
(@) Bayv (BAY. 
() Sav (a) 8020 
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Figaro 9.26 


6 Inthe opamp shown nig. 19.27, the voltage 


@3 er) 
#8  —4 


ra 


igure 9.27 


7. Fortheop amp shownin Fig. 19.28, the ouput 
voltae, V8 


( -12v () 45v 
Vv f o3v 


Figure 9.28 


A.A steady voltage of —1.0V is applied to an 
top amp icpatr haviag component ales 
ff R= 1O0KED and C= 10, The vale of 
the outpt voltage 10m ater applying the 
input voage i 
f) +H0mv (by) —tav 
(“tomy (a) Hiv 


9. tthe iferetal ampliter shown in 
Fig, 19.29, he ouput vllage, Vs 


f) +128mV by 82a 
( “12smv (a) 4SHV) 


10, Which of the following statemons is fase? 
@) A digital computer requires a DIA, 
(0) When negative feedback sued in an op 

amp. a constant and predictable voltage 
ain sls 
(6) A digi volmseter segues 4 DIA 
(a) Theyalacof fequene at which the open- 
loop gatas fallen unity called the 
ean frequeney 


‘This sevision test covers the material contained in Chapers 151019. The marks foreach question are shown i 
rach the end ofeach estion 


L 


“The power akan by a Seres inductive cet when 
euuecte 0a 100, [00H supply s 250W and 
the cummeat is SA, Calculate a) the sesistance, 
(©) the impedance, fe) the reactance (the power 
‘ct ade the phase angle between vlage and 
unent. 0 
coll fresinance 200 and inductance 200m is 
connected in parallel witha 4yFexpacitoe across a 
SO variable fequency suppl. Calculate (a) the 
‘esonant frequency, (b) the dynamic resisance, 
(6) the cure at resonance, and (4) the Qtactoe 
resonance, (10) 


A series crit comprises acl resistance 3002 
ta inductance SOE, and a 2500p capaci. 
Determige the Q-fctr of the eeu at restnance 

w 
“The winding of an electromagnet ha an inductance 
of HOmH and a resistance of 5582, When i is 
onnected toa 110V, de supply, allt (3) the 
eady-satealue of urea owing inthe wining, 
(b) the time constant ofthe cites (6) the value af 
the induced eam alter 01s, () he ime forthe 
auton to seo 75 per cet o's inal value, and 
[ojo value of thecunent afer 002s, (id) 


Asiagle-phasemotrtakes 30 A atapowerfctrof 
145 lagging from a 300 SOF supply. Cleulate 
(a) the cure taken by a capacitor conseeed a 
patil! with the entero comet the power factor 
‘out. and (b) the valu ofthe supply current ater 
power factor coxection. o 


(6. For the suming operational amplifier showin 
Fig. RIS.1, deemine the value of the output 
voltage. Va 6) 


7. tn the difretial amples shown in Fig. RTS, 
‘etennie the output voltage, Vi when: 


4. A ilersetion stohae achaacteinic impedance 
zero frequency of 008 an cat fequency 
(025 MHz. Design (a low-pass Fsecton fe, 
fn (b) a low-pass section fer to meet these 
requirement c 


9, Determine the cutoff fequeney and the nominal 
impedance for a high-pass #-conected. section 
Taving a SHE capactor ins series am and 
inductances of Ill in each of shun ars, 


w 


Formulae for further electrical and electronic principles 


‘Palle resonance (LR-C eeu 


asc oneeeri tas 


i 


06 0.07 P=Vicwp o@ PR S=VI O=Vising 
= ta 


gfe oy 
he" afe 
See Fig. FL 


High-pass Tor 


ie 
bate 


Ferme orfurther elect and eectonicprinciles 313 


So 
aa == lee a es 
G £ € 
Piguet 
|. i 1 
pel 1 
Po ® 
Figure 
D.C. Transients: Operational amplifiers: 
eee tere ol 


Charging: e= Vile) com 
wavewer as =m 
Inverter: A = 


‘Non-lverter 


Discharsing: 


a tetien 

LeReiteut = 4 

Curent sot wy = Ver 
(Ley 


Curent decay: vy =m = Ver 


petit 
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Chapter 20 


Three-phase systems 


| Alte end ofthis chaper you should be able wo: 


oseribe a single-phase supply 
oseribe a thoe-pase supply 


understand star connection, and ecognise that =/y and V= /375 
uw a complete psu digra fra balanced, star inetd had 


understand a deta connection, and ecopnise that 


yah = Jy 


calculate power in thee-phae systems using P= VV, /, 089 
appreciate how power is measured ia atu pase systom, by the one, ta Hyce-warmter ets 


compare staan dla connections 
_aprocat the advantages f the phase systems 


20. 


Introduction 


Generton, transmission and distin of elect 
‘via the National Gri system is accomplished by the: 
pase allerating curens. 

“The voliage induced bya single coll when rotted 
in a uniform magnetic els shown in ip. 20.1 aed 
{is known as  snglephase voltage, Most consunes 


. 
‘+ daw a paso diagram fra halasced, delta comected ea 
fi 
. 


se fei by means of single-phase a. supply. Tw 
‘wes ae we ane called tbe hive conductor (usually 
lore sed) an he othe called the neual co 
‘lucor (usually colowed blac}. The neu is usualy 
connected vis potetive gear to cath, the earth wie 
being coloured ace, The standard voltage fora single 
pase a supply 240, The maoiy of single pase 
Supplies are band by connection In ates phase 
Supe ee Fig. 205, page 319) 


20.2 Three-phase supply 


Athree pase supply is generated when the eos are 
pled 120" spar and the whale rotated in a wnifoon 
‘aagnetic tld as shown sa Fig 20a). The sesul 
the independent supplies of eal vues whic ae 
each displaced by 120" fom each other a showin 
ig, 2020). 
(i) The convention adopted to 
pase voltages Red 
Showa in Fig 202 


fy exch of the 
ad Bb. 
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igure 202 


) The phasesequence is given by he sequence in 
which he eondutors paste point intl taken 
by the ed conductor The national aad phase 
sence i, ¥,B. 


A thce-phase 2, supply i card by thee conduc 
tors, call “nes which are coloured, yellow and 
Dlue.The eurents in these conductors re knowns ine 
‘urns (i) an the p's between them are known a 
Tie voltages (VA Tour conductor. called the me 
tral coloted black, and connected hough protective 
‘devices tant soften used witha thee phase supply 
Ifthe tase phase windige shown in Fig. 20.2 are kept 
independent then six wites are needed to connect a up 
plysource atch aa generator) to aod uch as oto 
‘Taredice te number of wite tis unl tontrconnect 
‘he three pases. There are two ways in which this en 
bo done, these being 


(a) a star conneetion, and (0) delta, of mesh, 
‘connection, Soures of theese supplies. 
stern are sully eooneted i a, whereas 
thveephase trnfonner windings, mtor and 
‘other Hols may be connected either in sat 0¢ 
eta, 


203 Star connect 


(A starconnected load is sown in Fig, 203 
‘where the tree line conductors ae each cot 
‘ected to ala andthe outlets fom the loads 
tne joined together at Ao form what i emmed 
‘he neutral pola or te star polat 


(Gi) ‘The voltages, Vi, Vr and Vi ate called phase 
‘ollages or line to neutral voltages. Phase val 
geste penrally dense by Vp 


ay 


«wy 


wi 


Figure 203 


‘The voltages, Vy, Vyn ad Va ae called ine 
voltages 


‘row Fig. 203 it ean be cea that the pase cu 
eats (genealy denoted by f) ate equal their 
respective ine cuenta fy Le fora 


heh 
Far abalanced system 
Ie=ty= le. Ya= Vy 


Va 


Vier Van. Zn =Zy 
and the eure in the neutral conduct, fy=0, 
‘When a stu-connectod ste i Balanced, hen 
‘he neutral onto isunnecesaty ands often 
nite. 


‘Te line voltage, Vir, sown in Fig 20.4 is 
ven by Visy=Va~ Vy (Vy is egaive sac 
‘sia the opposite dctionto Vay) the phasor 
Aiggam of Fig. 20.(b), phasor Vy is reversed 
(shown by the broken lie) and then add 
phasonally 19 Ve (he. Vay=Uie-+ (V9) By 
{rigononetry.or by measurement, Vy = Vn 
{efor balanced star connection: 


w=viMy 


Figure 
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mnt 
— Tn 
amu} gon Ut 
Lt eee, “Three separate Single-phase 
2 te. Taras 
hea! “See 
— eo 


Pigure20s 


(See Problem 3 following fora complete phasor 
Aliagram of a sarconected syste. 


(vil) ‘The ar connection of the thee phases of 
supply, topeer witha neutral cndetor allows 
the us of two volages—the phase Vollage ard 
the lite voltage. A -wire sytem is also sed 
‘when the oad fs not balanced, The stundard 
lecicity supply to consumers in Great Bein 
iei5/240. SO, 3phase, dite allmating 
cumen,and a diagram of connections i shown 
in Fig. 205, 


For most of the 2 century, the supply voltage 
{nthe UK in domestic premises has been 240V a. 
(ans) a SOF. Ia 198K, a European-wide agreement 
‘was feached to change the varicus sation voltages, 
‘whic ranged at the tie fromm 220V to 2ADV. 19 
omon European standard of 230V, 

"Asa ress the standard cominal supply volge in 
domestic ingle phase SOT installations inthe UR as 
‘eon 230 sine 1995. However, aan inter es 
sure cleric suppliers can work wih an asymm 
tollage tolerance nf 230 4105/64 (Le. 2162V 19 
253Vi. The old standard was OV £65 (Le 225.6 
4 2S4AV}, which s mostly contained within the mee 
‘age, und 0 in practice suppl have had a reason 
to actualy change voligs. 

‘Stnula. the Uuee-phase valtage inthe UK had 
‘eon for many seus 418 V 65 (Le 390V ws 440}, 
open harmonisation ried this to he change 0 
AOOV + 105/~65 (Le 376V w ADV) Again, since 
‘the peesent supply voltage of 15 fies within this 


ange, supply companios are unlikely 10 re thet 
‘olages ithe nea Fut. 

‘Many ofthe ealcustions following ve bas on the 
240/41 V supply voltages which have appli for 
‘many years and ne likly to continue to dos. 


Problem 1. "Thee loads, each of resistance 302, 
sue connected insta toa 418. 3-phas suppl. 
Determine () the aster phase vate, () the 
phase cuten and (e) the ine cue 


A“AISV,3.phase supply” means hat 415 Vi the ine 
sole, VL 

(a) For a star conection, Vi=VTV. Hones 
pase voltage, Vi=Vi/V7=415//3=2396V 
‘or 240. cores to 3 siaiant Hawes 

Vs Re 


For a star connection, fp 
‘uncut [= 8A 


0) Phase cent fy 240/308 


© A. hence the line 


Problem 2. sta-connected load consists of 
thc denial cols each of resistance 302. and 
‘inductance 127 3m. Ifthe ine cutenis .08, 
fale the ie volage ifthe supply fequeac i 
SoH. 


Inductive reactance 


Nya 2afh =21S0)(1273 107) = 409. 
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Innpedance of each phase 


4 RR OF 


son 


Fora atarconnection 


oS 


Hence pase voltage 
Vp hoz = (5.08)50) =254V 
Line voltage 


Vix Viv) = Ves =a 


Problems 3. A balanced, dase-wite 
sar-conacted, 3-phas loud has a phase voltage of 
240V-aline current of 5 and laging power 

Tactor of 1966, Draw the complete phasor diagram. 


"The phasor diagram is shown a Fig 206. 


Procedure to const the phasor diagram: 


(Draw Va=V=Va=20V and spaced 120° 
apart. (Note tha Vx isshown yeicaly upwards 
Tis howeve material fort may be drawn ia 
any deci} 


(i) Power fctor= cox =0.966 lagging. Hence the 
Toa pe angle given by cor“ 10966, Le 15 


lagging. Hence da =H 
Vy an Ug eespeutively by 1 

(8) Vay=Va— Wy (phasor), Hence Vy is 
severed and Med phasorilly to Vg. By 
measurement, Vay =4ISV (Le V3 240) and 
leads Vi by 30°" Sinaly, Vu Vy — Vg and 
Vin=Va— Va 


A. lagging Vi, 


Problem 4, A-418V,3-phas, 4 wie. star 
connected system supplies thee resistive loads 
shawn ia Fig. 20.7. Determine (the eument 
{neach ine and (b) the eurent inthe neal 
condctr, 


Figure 207 
(2) Fora tarconnected system Vi=V5Vp, hence 
wi _ais 
i 200 
wa 
Since curtent1=powerP/voltage V for aresitive 
Toa ten 
24000 
is at 008 
004 
7 30 
12000) 
ad ee soa 


(©) The thee Line cutets are shown in the phasor 
sigram of Fig. 208. Sine each load i existe 
the currents are in phase withthe phase vol 
gos an are hence mutually spaced by 1207 
The caren inthe neutral conductores given by 
I= fet hr Jn phasor 


Figure 20.9 shows the thie line cures aed pa 
sori} og represents fy in tnagaitude and diction 
‘om the nose of oa, a is dawn representing Fy a 
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Figere2058 


Figure 209 


‘magnitude and diction. From the nose of ab, be is 
drawn sepresenting fa in magnitude and divcetion.o& 
‘eprcsents the resultant, By measurement 9 = 43, 

“Altesnaivey, y calculation, considering Jy a 0", 


ya 210" ad Fy at 30": 
‘Total horizontal component, 

+= 100.0400" + 7505330" + S0.c0s210- 
‘Total vertical component 
-=100in00° +75 sin 330-4 S0sin210°=37 80 
Hence magnitude of fy = VTE FITS A834, 


165 


[Now try the following execse 


Exercise 112 Further problems on star 
connections 


‘Theor loads, each of resistance $02 are con 
ected in star to a 400. 3phase supply 
‘Determine (a) the phase lage (the pase 
‘urent,and (othe ine caren 
11a) 231 V(b) 462A 6) 4.624], 
A. sac-conneced oad consis of tice iden 
tical eis, each of inductance 139-2mH and 
sexigance 50.2. Ifthe supply frequency ic 
OH and the line cuteat#s 3A determine 
(a) ihe phase vole and bh ine yolase. 
Hla) 212 (0367) 


3. Thwe identical capacitors are conacted in 
star to a AQOV, SOE phase supply. IF he 
Tine creat is 12 detemine the epacitane 
ofeach ofthe capacitors 6s) 


4. Thwe coils each having sesistance 652 and 
inductance Hare conacetedinstartoa4i5V, 
SOHE, 3phase suppl. Ifthe line eartent 
SOA indtheyalue ofl, (16.780) 


5. AMOOY, 3phase 4 wie, sta connectod sy5- 
tem supplies thce resistive lads of ISKW. 
2OKW and 254W ia the re, yellow and blue 
puses respectively. Determine the curent 
flowing in each ofthe fou conductors. 

0A, 


20.4 Delta connecti 


(i) A delta (ar mes) connected load is shown in 
Fig, 200 where the end of one loa connected 
to the star ofthe nex oad 


é 5 
foe fhe 
y 4 
te te eo 


(G) From Fig, 2010 incan be sea thatthe Line vole 
ges Va. Vos ad Vag a the reypective phase 
Wolags efor a dla connection! 


Vievy 


(Gi) Using Kiehbot's eure law ia Fig. 20.10, 
Tey — fan =I + (on) Fo the par 
Agra shown in Fig. 20.11, by tigonomtry 
fey measurement, y= VFlgy. Le for 8 dla 


haw, 


Problem 5. ‘Thee ident cols ach of 
resistance 3092and inductance 127-3 we 
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‘connected in deta toa 44DY, SO} phase 


‘Supply. Determine (a the pase current and (b) the 
Tine crest. 


gure 201 


Phase impedance, 2 
4 dali connection. Vj 
(2) Phase cane, 


M, 


veo 
0 
(by. For ads connection, 

f= V3 = VKH) = 15244, 


‘has whe the load connected a dela thee tes 
hein current taken fot spy hae abe if 
‘connected inte. 


Problem 6. Thee idea apacitrs ne 
‘onneced in deta toa A1SY, SUH, pase 
Supply. Ifthe ine current is 15 dete the 
‘capacitance ofeach ofthe capacitors, 


Foradeha connection f= V3. Hence phase crteat, 


(since fora deta connection Vi 
ais 
id 
Ne=I/22/C, ftom which capacitance 

TINE 


Xe 


929 


BeOTETONyT — HE 


Problem 7. ‘Thee cos each having resistance 
3 and inductive reactance 42 are connected (i) ia 
Sta and (in delta o 2415, 3phase supply, 
Calculate for ach conection () the line and phase 
voltgs and b) the phase and ine eaten. 


(0) Fora star connection: /, =f, snd Vi, =V3Vp 
(0) A.41S, phase supply means thatthe line 
vollage, Vi= 418 
Phase voltage, 


o 


Line eure, 

A= aaa, 

(i), Faradets connection: Vj =Vp sd = Vp 
(a) Line voltage. ¥i=415V 

Phase vole. Vp 


() Phase curent, 


41sv 


Line eu, 


1 


[Now try the following exercise 


Exercise 113, Further problems on dlta 
connections 


1, The loa, each of resiance $02 ate co 
rected in dels o 4 40D, 3-phase supply 
Determine (a) the phase voltags(b) the pase 
‘creat, and (the line cue 

Tia) 400 (KA Ce) 13.86) 
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2 The inductive loud each of resistance 750 
and inductance 318.4mH are connected in 
‘kato a415V,5OHz S-phase supply Deter 
mine (a) the phase voltage, (b) the phase 
ato and (the ine cates 

[la) 415 V(b) 332A 6) 525], 


3. Tivos identical capacitors are connected ia 
da oa 400, 50H 3-phase supply If he 
line cea is 12. determine he capacitance 
each af the capacitors 185.1301 


4. Thu coils each having resistance 622 and 
Inductance L1H age conacted ia deli, 10 a 
41SY.S0 Hz phase suppl. Ithelinecurzent 
130A, find the val of 


stint) 


5. A3-phase, st-concted allemtor delivers 
8 line cuent of 6S to a Balanced deli 
onneced load a a line voltage of 340. 
Calculate) the phase vole of the alter 
tu (the aller phase eure, and) he 
toad phase current 

Tia) 219A) 65 (0) 3753], 


6, Thwee 24, espactos are consecte ia stat 
cross a 400, SO Ha, 3-phase supply, What 
Value of capacitance must be competed ia 
eka in oer tke the sume line cute? 

uF] 


20.5 Power in three-phase systems 


"The power dsipate in a Uee-phase loa is given by 
the sum of the power dissipated in each phase. I a 
load i balaaced then the total power Piven by 
3 power consumed by one phase. 

The power consumed. in ane. phate= [2p of 
Vplpcosy (hese ¢ isthe phise angle beeen Vy, 
and 

Fora star connection, 


yw “ 
1, cos = VV f.c0s 
elcong = VV K cone 


Fora delta conection, 
a 


a 


Mad h 


ence 
P= Acong = VIVA cog 
=i. doond = IL 


Hence for itera star or ade alanced connection 
‘he ttl power Ps wiven by 


PaV3Vitucosg watts 
lr P=AFj ty watts 
“Tatalvoleamperes 
8 VIVA voltamperes 
Probes ‘Thee 12.0 resistors ate connected ia 


start 2415, phase supply, Determine the tt 
power dsipatad by the resists. 


Power dissipated, P= Y3Vi 1, 059 we 


Line vaage, 418 V and pase value 


Fora purely resistive lad the power 


factor =co8d 
Hence power 
P= Vivieme = VFaig20 
1AKW 
oc power 
P= 313k = 3020/12) = RW 
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Problem 9. The input power ta 3-phase ae 
motor ic measured a4 SEW. the voltage and 
urea tothe motor are 400V and 8A 
‘respectively, determin the power aco ofthe 
system. 


Power P=S000W, 


line voltage V, = 400, 
line cutent, fe =86A and 
power, P= V3Vch.s0® 


power factor 


Fane 


Probes 10, Thre denial ols, each of 
resistance 102 and inductance 42m ae 
connected (a) in strand (bin dliatoa 415, 
‘SH phase suppl Determine the total power 
Asia in cach ease 


(2), Star connection 


Inductive reactance, 


=24 50/42 10-4 


Line voltage, 
we 


and pase volage, 
wv 


Phase cane, 


Power factor = cos y/Zp=10/1655 
0.508 ageing. 


Power dsipate, 


P= VVih.cosg = V5I415)(145090.6082) 
kW 


(Atteratively, 


4.50)°(10)=634W) 


(0), Delta connection 


Wa aasy, 
2, =16550. cos 


non 


Inguing (em above 
Phase eure, 


208A 


ly 


Line eaten, 


= V5, =V5i25.08) 


Power dissipated, 


P= Viheons 


VFia15)(43.4 0.6012) = IRATE 
(Atteratvly, 
P=3/3%,=325.08)°10) =1887W) 
‘Hence Lal connected dela dive thee tes the 


power than when connected saad ads ihe wine 
urease tines reer 


Problem 11. AAISY,3-phase Ac moor has a 
ower output of 127SKW and operates at a power 
air of 077 lagging an wih an efcieny wf 85. 
pet ent. Ihe motor is dels connocted, deteanine 
(a) he power input, () the ine etn, and () the 


ver outpay/power sapat. Hence 
275) power inp rom which, 


127503 100 
+ 
S000 W ov 1SKW 


power input: 
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o 


St tatiatake EE 20.6 Measurement of powe 


é three-phase sys 
Hr aise over inte phose ons iy be eared by te 
pars Fe Seccienen nd bi 
(© Fora datacom, = Vee phase ay ry aa 
4B issn ashe 


ow he filorag rca = 
faerie 114 Further probs on power 
Sheephseayton 


1. Deteaine she rt power dispar by hace 
2082 resistors whe connected (a) sar and omen 
(yin dels to 40, 3 pase suply 

(a) 2.68 W (b) 29.0840) 


Engen intae tac ates Total power =3 x wattmeter reading 
lf Problem 2, Exerse 112, page 321 ) Twoewattmeter method for balanced or unbal- 
nasi) anced loads 
Nene ay eres ‘A connection diagram fr this method is shown 
enpyy ena paaenyre in Fig. 20.3 fora star-connected lead. Sila 
noah ner arabe cs canen ennections re made fora dea-connected load. 
es cares ol Bi laek Wn ie ‘Total poner sum of watimeter readings 


power dissipated bythe load? [S.2141W] 


4. Thue inductive lois, cath of resistance 4 
an reactance 90 ave connected in delta 
‘When connec to 3-phase suppl the loads 
onsume 124W. Calculate (athe power fx 
tor ofthe loud, (b) the phase cursent (6) the 
line erent, and (a) the supply voltage 

Ta) 0406 () 10A 6) 1732A (4) 98 83] 


5. The input voltage cuteat and power to a 
motor is measured as 41S, 1644 and GW 
respectively Determiaethe power factor of he 
system, (0.59) 


6 AAOY.3-phaseae. motor asa power ouput hen 
OF 11. 2SBW and operate ta perfctr of 
18 lagping and with an eficency of 84 per 
ent the mnor x dels connected determine 
(a) the power input, (b) the line cute. and 
(6) the phase cute. 
[la 13.398W () 2197 (e) 12.64) 


The power factor may be determined fom: 
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1s pose, depot ot oud poe 

for one waltneter to have to he evened” 
fooling. nts are no 2 
negative adn (see Probes 1) 


‘Three-wattmeter method for 4 three-phase, 
tonite system for balanced and unbalanced 
Ids (sce Fig 20.14, 


Peres 


Probl 12 (a) Show that he wot powee ina 
“phase, 3-wue system using the two-Watiaeer 
‘method of measuremet is given bythe sun of the 
‘watuseter readings. Draw eouecton digs. 
(b) Draw a phasor agra forthe rwo- water 
‘method for balced loa.) Use the phasor 
Siggram of pat (bo deive a formula from which 
the power fits ofa 3phase sytem may be 
etennned using only the waretr reais. 


(2) A connoction diagram for the rwo-watimeter 
‘method of a power measurement is shown ia 
Fig. 20.5 ford sar-consected load 


‘Toulinstantancouspowes, p=enin tevin tein 
niin any 3-phase system fx y+ a0: hence 
ina in Hy Tas 


= enin tevly tenlmin is) 
= (en enin + (ey —en)by 


However, (en en) isthe pa serge wattneter 
Vin Fig. 2015 and (ey—ep) isthe pl. across 


« 


igure20s 
wareter 2. Hence tal instantanenus power, 


p= ratumeter 1 reading) 
“+ (attmeter 2 reading) 
“pts 


“The moving sjstems of the warmers re uae 
to follow The variations which take place at 
onal fequences ad they indicate the ean 
power iaken over acjle. Hence the ttl power, 
PP, +P; or balanced of unbalanced Los 


“The phasor diagram fortwo waruneter method 
for 3 balanced Load having lauing cuteat is 
shaw in Fi. 20.16, where Vige= VeVi atl 
Vn Vy — Ve (phasor), 


Wate le 


Wanner treads Vind cos30" 9) = 


Water 2 ads Vr eas30"-+)= 
A _Miatncos(3"—) _ cos30"—9) 
Veal coos 9) ~ co @) 
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since Ie =f and Vn= Vr fra hanced load 


Hence 
PL _ os 30" esp +8030" sing 
Fe aaa ano 


{trom compound angle formula. sce “Engineer 
fing Mathai 


Dividing tuoughoutby cos 30 cos gives 


foo which 


cos and thus power fctocan be detennined 
feo ths for 


robles 13, _A 400, +-phase tar connected 
allem supplies a dlia-tonect oa each 
phase of which has resistnce of 300 and 
Inductive reactance ADE. Calculate (athe cent 
Supelied by the atenatr and (the oupat power 
andthe EVA ofthe lear, neglecting owes in 
{elite between the allemator and loa. 


‘Acizcuit diagram of the alternator and ous shown ia 
ig 20.1 
(a) Considering the loud: 


Phase cate. 


Vole 


OT. 


Hence fy =Vp/Zp= 


W0/S0—=8A, 
Fora delt-conneton ine cute, 
ha VEhp= VFN) = 13.864, 


Hence 186A fr the current supplied by the 
alternator, 


(©) Alterator output pow 
‘isipatd by the lod iL, 


= VIN icone 

Rp /Zp = 30/50 

= 74 s009(18.6,0.8) 
S76KW. 


i equal 1 the power 


Hence 


Alternator ouput kVA, 
sam 


Fia00)(13.86) 
= 940 eva. 


Problem 14. Each phase of «dt connectd 
oad comprises a essance of 3000 and an 304 
actor in sees. The load is canacted 1 400, 
‘SOHz, phase supply Caleuae() the phase 
ures (b) the ie cure) the tol power 
‘isspated, a (4) the RVA rating of the oad. Da 
the complete phasor diagram fo he load 


(2) Capaciiveresctanc, 
1 1 
Sage ~ Ie 


Phase impedance, 
2 


Ne 


= (ETRE 


Power fic 


con = By /Zp 
50/4983=0.402 
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Hence 


Phase caret, 


Vy/2p mad Vp 


fora deta conection, Hence 


4) = amy: 


027A 


(b) Line cust, = V3ip fora deta-connetion, 
Hens h,=V3(8027)=13.908 


() Tonal power dsipate, 


VitLeoe 
Fiano) (13. 90,0.602) 


797 W 


(@) Toulkva, 
VV = 


7400)(13.90)=9.6904VA, 


‘Te plusoe dagram for the load is shown ia 
Fig. 2018 


An1a900 


Figure 


Probleat 15, Two watneters ae connected to 
‘measure the input power to a alanced 3-pase load 
by thetwo-watimeter method. I'he instrament 
‘eaings ae SRW and 4RW, determine (a) the total 
‘ower input and (the load power facto. 


@) Toul input power, 


Aa 


tng = 5(; 


Problem 16. Two watneters connected 10a 
3 -phase motor indicate the oa power input be 
BAW. The power factors 06. Determine the 
readings of ach watt. 


Ir te two watmeters indicate Py and Ps espectively 
then 


, 
mon(Re 


ad power fator=0.6 


/. 
3.13 and wn 53.13°=1.3333, 


fos 
rameva(Hah) 


Adding equations (1) and (2 gives: 
2m =21297 


aa 


10624W 


Henge wattmeter I reads 10.624 
‘rom equa (1), wattmeter 2 reads 
(121062) =138K 


‘Pelem 17. Two wattmeters inca 1ORW and 
SRW espetively when connected to measure the 
‘nga power toa 3 phase balanced loud, the eerie 
‘ct being operated onthe meter indicating the 
SRW seating. Determine (2) the inpa power and 
(Toad power ater. 
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Since the reversing switch on the Wattmeter had tobe 
‘operate the SW rain taka a5 —3kW 


(2) Toul input power 


=09(2)=2200 


Angle @= tn-13.2167=72.75" 
Power fctor= con 


= <0072.73°= 0297 


Probless 14, ‘Thre similar coils, cack having 2 
tesistance of 89 and an inductive reactance of #2 
‘re connected (a) insta and (b) a det across a 
‘SV, 3-phase supply. Calulat foe each 
‘connection the reings on each of two warmeters 


BV aa 
ais 
wa 
JeFRau310 
Hence pase cute, 
ais 
Bis 
Ce ee 
“Total power, 
3138) =3021.189(8)=10766W 


1 wattmeterreings age Py and Ps thes 


wea( BB) 


Vir Py 
TOT 


hence tants 


” 


[Now try the following exercise 


Exercise 115 Further problems on the 


from which 
(107660) 
Pm = MOTO row a 
we 
Ang equations (1) and (2) gives 
10766 +8216 


From eyustion (1), 


When the coils are starconnested the watt- 
meter readings are thus 8-491 kW and 275K 


Delta connection: Vi.=Vp and = V3 lp 


Ye__ ais 
Prase caret p= YE AS sav, 
“Toul power, 

3158p =3136 60/8) =32310W 
Hence B+ P2=32310W 8 


Adding equations (3) and (4 gives: 


2P,=30060 fom which P,=25480W. 
Feom equation (3), #2-=82310-25480, 
‘6830 


‘When the coils are deltaconnected the 
Wattmeter readings are thus 2548KW and 
ask 


measurement of power in 
phase circuits 


‘Two watneters are connected to measure 
the input power ta 4 balanced three-phase 
load tbe watneterveadingy re 9. 3KW and 
SRW detemnine (a) the teal ouput power, 
and (the load power factor. 

1a) 14.7RW (0.900) 
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SRW is found by the two-wattneter method 
to be the power input ta a -phave motor 
Detormige the reading ofeach Water ithe 
power factor of he system sO. 

[S431W. 2560] 


When the wo-watineter method is used 10 
measure the input power of a balanced lead, 
the readings onthe watieters re 7 KW ad 
SEW, the connections 19 ane of the coils 
fon the mater reading 2SkW having to be 
reversed. Determine (a the a apa power, 
nd (the load power acto. 

Tia) kW (0)0277) 


“The sian cil, cach having vesistnce 
of 400 and an inductive eatance of 3.462 
fe connected (2) in star and (b) in del 
Acyoss 2 400. phase supply. Caeulte foe 
‘each connection the readings on each of 140 
‘watmeters connected to mcr the power by 
the two-watneter method. 
Ila) 1715KW 573KW 
(0) 3LA6RW, 17.18) 


5. A-ha, sacconnectd aerator supplies 
1 del zonnocted loa, each pase of which 
has a resistance of 1502 and inductive rea 
tance 200 Ifthe ie voltages AOD, eae 
late (a) the eaten supplied by the alter 
and (b) the cutpa per and KVA rating of 
the altemator, neglecting any lowes inte Tine 
between the allematr andthe loa, 

Tia) 27.714 (b) 11 S2bW, 19208VA} 


46, Eich phe ofa delt-comected toad com- 
prise a resistance of 400 and 40 cap 
Hor in series, Detemnine, when connected 1 
41S, 50H, Spase supply (a) the phase 
une (b) the ine cuenta power 
ssp nd (the EVA rag ofthe load 

a) 66 (b) 874. 
(26054 (a) 5804VA] 


20.7 Comparison of star and delta 
connections 


(©) Lows connected in deta dissipate de times 
move power than when counted insta the 
same sup: 


(G)_ For the same power, the phase currents snust 
‘ete sate Tor both della and star connections 


the delu-connectd Stem i greater thas the 
Ii erent in he carespondig sta-conaect 
stem, To achive the same pase czar ia 
Star-conteted system ab in adlts-consecte 
tent the line voltage in the star system Is V3 
times the lige voltage in the dels System. Ts 
Tora piven power wanser, a dela system is asso- 
‘ate wil ager line cues (and hus Lager 
‘omutorcrosssetinal ea) apa sar system. 
Isassoca wih alager ine volage and thus 
ret insulation, 


‘Advantages of three- 
systems 


Advantages of three-phase systems over single-phase 
‘supplies include: 


©) Foragiven amount of power transmitted tough 
system, the thee-phase system fogs com 
ucts witha smaller eros-sectional sea. This 
‘means a ava of copper or aluminium) and thus 
‘he orginal installation costs are os 


Gi) Twovoltagesate available se Section 20 (8) 
(ii) The phase motors are very robust relatively 
heap, enerally salle, have selFstartiag ro 


‘rte, provide teats output and seq litle 
‘maitenance compared wit ingle phase motor 


[Now try the following exercises 


‘Exercse 116 Short answer questions on 
three-phase systems 


1 Baplaia belly how a te phase supply is 
pencrated 


2 State the national standard phase sequence for 
shue-phase supply 


3. Stutthe wo waysin which phases afahue 
plate ply canbe interconnected reduce 
{henumber of conductors used compared with 
the ingle phase systems 


4. State relatonshipsberwcen Hin and phase 
fuente and finan phase voltages fora star 
enecte system 
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5. When may the neual conductor of «str 
connected system be omited? 


6.  Stuttheelationships between Hin and phase 
urea and line and phase vollages for 
eta-connected sytem 


7. What isthe standard eleticty supply 10 
otsestic conser in Gre Britain? 


State tvo formulae fr determining the power 
aspaed in the load of «three-phase bal 
anced sytem, 


9. By what methods may power be measured in 
atv phase syste? 


10 State formula fom which pawee fctormay 
be determined for a balanced syste when 
ting the two-wartmcter method of power 


1 Loads connected in star dispate .... the 
wer dissipated when connected in delta and 
fed fromthe same supply 


12. Name tee advantages of te phase sy5- 
tems over single-phase systems 


Exercise 117 Multichoice questions on 
three-phase systems 
(Answers on page 421) 

‘Three load, each of 108 sesistance, te con 

necedinstarioa 00, 3-phase supply, Determine 


the quate stated in questions It 8, selecting 
neers fo the following li 


8. aw vaumw @ 
to YBuod 6 <Beon « Saw 
fees 
aes 
See 
ene 
2 dpe lpn eb 
4: Wicket angen et 


(2) For the same power, oats connected in 
dela have a higher line voltage and 


sulle tine curentthanoadsconnected 
() When using the wwo-watmeter method 
of power measurement the power fctor 
Suny when the water eadings age 
the ae 
‘Ac may be distributed using a single 
pase system with two wiles, atte 
fase systom with tice wires ot a 
three-phase stem wit four wires 
(2) The national standard phase sequence 
for three-phase spy is, YB 
‘Tee land, cach of resistance 160 and inductive 
reaziaace 120 ae connected in dis o a 400, 
Space supply. Determine the quantised in 
‘questions to 12 selecting the cotect answer fom 
the following lst 


ie 


fora tw YRMOY «© ves 
wa w2v oy 
maa 

fi oe epee 


9, Phase voltage 
10, Phase cent 
11, Line curent 
12, Total power dsipate ia the load 


13, Thephasevolage of adel connected tuce- 
spiase system with balanced loads 6 240, 
‘The ine voltages 
(a) Tov ) swov 
(© 30v ( 2ov 


14 A die thvee-phase sarconnected sys 
term line cure of 10A. The phase 


(ay 0a (10a 
(© 204 fw) 30a 


1S. The line volage of a die teephase 
star-coaneted system is LIKV. The phase 


voltage 
(@) Wasky TV. 
(©) 635k fd) 7784V 
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1 the two-wattmeter method of measure: 
‘ent power ina alanced three-phase rystem 
readings of P) and Ps watts age obiaied.The 
ower arte maybe determined rom: 


wo a(FR) om v5(FR) 
py ety 


ORR OTR 


”. 


‘The pase vollage of a 4 wise thoe-phase 
starconnceed system is HOV. The line 


sole is 
a) ov () 330 
fo wiv {@ nov 


Chapter 21 
Transformers 


Al the end of his chaper you shoul be able: 
“+ understand the pipe of operation of transformer 

‘+ understand the er ‘rating teanstormer 

15 use Ve/Vo=Ni/N2=la/I in calalations oo wansformers 

“+ construct a transformer no-load phasor diagram and calculate magnetising and core lows components ofthe 


soo curent 


oseribewansfonner constuction 


understand voltage egulaion 


perform calculations sing = (Ni /N)°%, 


oseribe an lating Waashe stating uses 
oseribe a thoe-pase wansformer 
oseribecuent und voltage wansormes 


Introduction 


A tansformer isa device which uses the phenomenon 
‘of mutual induction (ee Chapter9)to change the values 
fof alterating voltages and cuneas. Infact, one a the 
‘mais advantages of ac. wansssion and distution 
‘the eae with which an aeraing voltage can be 
Increased or deceased by twaneortes 


loseribe loses i uansymesanealcuate ficiency 
apposite the concep of teste matching and how it may be schlesed 


sae the em. quaton fora tansormer £ =4.4 fyN and ws it in cakultions 


ovve the equivalent sesstane, reactance and inpedance refed ty the pinay wa tasfoees 


oseribe at amo transfornes, its advanagesiisadvantages an wes 


Losses in wansformers ae generally Low and thas 
flicieny is high. Being stati the have along ie and 
sxe very sable 

Transformers range i size from the nite unis 
sed in electronic applications to the lage power 
teansformers used in power sation; the principle of 
operation ithe same fo each, 

‘A teansformer is epesente ia Fi, 211) 8 con 
sisting of two electra! circle links by a common 
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‘ 
igure 21 


fexromagnetic core, One coil is termed the pelaary 
rnin which is connected to the supply of elect 
yc and the oer the eenndary winding, which nay 
be connected wa load. A cicu diagru symbol fra 
‘mansfoume i shown in Fig 21.1) 


21.2. Transformer prin: 
operation 


When the secondary van opencireuitandan atenating 
ola Vis applied to te primary winding, a stall 
‘current called the nro eure fp — os, which 
Sets up amagaetic ux in the cove. Ts aerating us 
Hinks with both pimary and secondary cols and induces 
in them eats of and Ey respectively by mutal 
induction. 

"The induced ean. £ ins col of W urs given by 
E=—Nidi/ds) vols whee isthe rateor change of 
ux. an ideal tansformet the ate of change of fx 
isthe same for bath prin and secondary and thus 


Ey/M=Es/My ie. the Induced eon. per turn 
‘Assuming ne loses, Ey 
Hence Vt 0 


(4/ sealed the voltage ration (1/5) thetwns 
fatio.or the transformation ratio’ of the transforms, 
TE Nz less than Ny then Vis less than Ve andthe 
‘evie i tenned a step-down transformer. IFN is 
tetera Ny thon Vai tater than Vi an the device 
‘stormed a step-up transformer 

‘When tat isconnectedacose the scondary wind 
ing a cuteat Fs ows. In an Seal ansforner loses 
sa agli ada wansforer is considered tobe 100 
po car efficient. Hence put power = output power 


or 


o 


FV fh Vo Ltn an del ransfores, the pelmary 
and secondary ampere-turs ae equal 

Wk a 
Tus ok e 


‘Combining eutions (1) and (2) gives 


% 


“The rating of  wansformer is stated in terms of the 
vole ampeter that it can transform witout overheating, 
With ecerence io Fig. 21M) the uansormer eating 
either Vidt or Vl, where Fs isthe full oad secondary 


Problem 1. A wansfome has 50 primary tums 
ad 300 secondary tums Ihe primary yotage ix 
240Y, determine the secondary Voliage assuming 
ideal uansforne. 


Foran idea! uansfonner, voltage alo tuns ratio Le 


240 _ 500 
ceo 


M 
Si nane 


AO oc LAEKY 


Problem 2 An ideal tasformer with a turns 
‘ato of 27s fed rom a 240 supply. Determine 
‘soup vols, 


‘A tums ratio of 2:7 means thatthe wansformer bas 
‘urns the primary frevery Teun onthe secondary 
(ea stepuptransfoane) ths (,/83)=C2/7). 


Foran idea trancomset, (4 /N2 
(2/7) = (240) V3). Thus the Secondary valage 


24000 


aw 


Probl 3. An ded transformer has w tums aia 
‘of $l andthe pinay cument s 3A when itis 
‘Supplied at 240. Calculate the secondary volage 
sd current 


A tus sto of $1 means (N/M) (1/8) Le, a tp 
‘dow arson, 


(i) 


(¢) ‘or secondary voltage 


n(2)-o€ 


2) =20va 


$1) = (2) none ecco 


Problem 4. An del transformer connected 
toa 40V mains, supplies 12V, 1S0W lamp, 
Calculate th wansformer tars ratioand the creat 
taken rom the supply 


Hence cuenttken from the supply, 


12s 


a 
eT 


625 


Problem SA 120 resistor is connected across 
the secoudary winding ofan del trasformer 
‘whose secondary voltage i 120V. Determine the 
primary vote ifthe supply caren 4A. 


¥i/2) hence Secondary curent f= (V/A) = (120/12) 


wv 


(2) 


Problems 6 A.SRVA single-phase ransformer has 
tums ati of 10:1 and eed from a 2 SV supply 
Neglecting losses detensine (a) the ful-toad 
secondary current (b) the mis loa resistance 
‘which can be contecte across he wecondary 
indigo ve fal load EVA, () the primary 
‘ent a fl oad RVA, 


% 


vats 


secondary vltage 


=20n(;4) <20v 
‘enter gop Vat 
Moe cay sen 
isan) 


(0) Minium valu uf oad resistance 


ke 


rsa. 


()-G) 


© (8)=(8) mea 


& 


(z) =n) 


[Now try the following exercise 


Exercise 118. Further problems on the 
‘wansformer principle of 
operation 


1. A transformer has 600 primary turns con 
‘socted 10 4 1 SEV supply. Determine the 
‘umber of econdary tums for 240 V output 
‘volage,asumiag no loses. (5) 


© 


‘Aw ideal tansfooner with 9 tums ratio of 
229 is fed fom a 220 supply, Determine 
‘its output volap. [90v), 


3. A tansfonmer bas 800 primary tums and 
2000 secondary tr, I'the pray volage 
is 160V, determine the secondary voltage 
sssuming an ideal tansformer. — (400V] 
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4. Anidea uansormer witha tums ratio of 3:8 
hasan ouput voltage of 640 Determine its 
‘put voltae. P40V1 


5. An deal wansforer has turns ato of 
121 and is supplied at 102. Cakeulate the 
secondary voltage Ti6V) 

6. A uansformer prinary Winding connected 
scroata415V supply has 750 tums. Dter- 
‘mine how many tues mast be wound on 
the secondary side if an ouput of 1.663V 
is vuied. [3000 runs} 

7. An deal wansformer has tras rato of 
151 and i supplied at I80V when the pi- 
‘nary cue is 4A, Calculate the secondary 
oliage and cuzen 12V. 60) 


4. Astep-downteansfrmer having ats ratio 
‘of 20:1 has a pinay vote of ARV and 
Jad of YOLW. Neglecting loses, caleulate 
the valu f the secondary caeat[S0A) 


9. A wnsformer as a pimary to secondary 
ture raio of 1:15, Caleulate the pray 
wolage nccessay 10 supply 4 240 toa. IF 
the ad currents 3A determine the prinry 
urea Neglect any lenses [16V. ASA] 


10. A-IOKVA, single-phase transformer haw 3 
{urns sao of 121 and is supplied om 3 
2AV supply. Neglecting losses, determine 
(a) the flint secondary eustet, () the 
‘nmr value of od seitance which ean 
be conteted across the secondity winding 
without the LVA rating being exceeded, and 
(eye primary cutee. 

Tia) 0A) 40(6 417A 


11. A200 resistance is connected across the 
Seconday winding ofa single-phase power 
ttansfomer whose secondary voliage is 
130¥. Caleulate the pamary voliage and 
‘he tras eto ifthe supply cutea is $A, 
eget loses 3sv.32) 


21.3. Transformer no-load phasor 
diagram 


‘The core ux ie common to both primary’ and sc 
‘onday windings ina wasformer al this taken as 
the reference phasor in phasor diagram, On no-load 


the primary winding ake a small no-load cute fy 
a ince, with ses agleted, the prima winding 
{pure inductor, hs cutet lags the applied vliage 
V, by 90a the phasor diagram assuming no losses, 
si in Fig, 2121) caea produces the ut and 
‘is dea ia phase with he flux. The peumary induced 
my isn phase oppsii io Vi thy Lenz's av) 
Su show 180° out oF phase with Vy and equa ia 
‘agai, The secondary sued es shove for 
22: ums rato tansfornet 

‘A nolo paso diagram fora peactial wansfome 
{is shown tn Fig. 21.20), IF erent ows then loses 
willocur When loses are considered then the no-al 
cuton oiste phase sun of 0 component (0, 
the magaetsing campunent, in phase withthe fs, 
and (i) Ze, the care Toss eumponent (supplying the 
Inysteresis and el eureat loses, From Fig. 21.210) 


‘irda cute fy = V-47E where 
Jefe sia fy and Ze= Feo Oy 


Power fuctor on no-load = cory 
"The total coe lesb rom Wns) 


ese). 
Vile cos do 


Problem 7. A 2400V/400V single-phase 
transformer tkes a no-load eurten of 05 and the 
core los is 400W, Determine the yas of the 


‘magnetising and core lows components ofthe 
‘oroad caren, Draw to scale the no-load phasor 


‘gram for he wansormes 
Vi=2400Y, V2=A00V and f4=0.5A Core hs 
‘no os) =0= Vicon. 

ie 500 = 2400)0;5)0590 

Heme cosdu = MY = oasa3 


Toy 


‘The mo-load pas diagram is shown a Fig 21-3 

‘Magnetising component 

Iye= sing =U 5510 705° =0AT1A, 

(Cor os compose, Fe = lyeaso=U1Seos7083" 
TN 


Problem fA wansformer takes caren of O84. 
when is pear is connected to 4240 vot, SOF 
supply. the secondary being on open etc. the 
ower absorbed is 72 wats, determin a the roa 
Toss carte, (bth power factor on no-load, and 
(6) the magnetsing curen 
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atvorbed=tota core loss=72=Vilo 


cody 


fe) Flom the sghtangled wane an Fig. 2216) 
nu using Pythagoras’ theorem 1/25 fom 
which, magnets een, 


[Now try the following exercise 


1. A. SWOV/1OOV. single-phase tansformer 
takes a ful-lood primary curent of 4A, 
[Neglecting loses, determine (a the fall oad 
secondary caren, and (D) the rating of the 
wansforn. 

11a) 20a ()28VA) 


A 2300 V/440¥, single-phase tansfrmer 
takes no-load curest of OSA and the 
itan loss is SOOW. Draw the no-load pa- 
Sor diagram and detemine the values of the 
magnetising and core loss components of the 
o-loud cute. 7864,0.182A} 


3. Atamstormer takes cute of 1A whe its 

Pay i cansected to a 300, SOF sup- 

Ply the secondary being on open-reut IF 

{he power absorbed is 120 wats, calla 

(a) the ion os curent,(b) the power factor 
‘onload. and) the magnetisingeurent 

1a) 0.40 (by 0.40 () 917A} 


21.4 Em4 equation of a transformer 


‘The magic Hux set up inthe core ofa tansformer 
when an altemating ylage sapped to is primary 
‘Winding ilo alternating and is sinusoidal 

Tet be he asim value ofthe fx and f be 
‘he eyuency ofthe supply. The tine fr 1 eye ot the 


* 
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steratag flux isthe peidicime T whewe 7 =(1/f) 
seconds 

"The Hh ses sinsoidally fom zero 10 its max 
owen yale an (1/4) ele, andthe ine for (1/8) 
fjele i (1/4) seconds. Hones the avenge sate 
17% Whi, sad 
ol he average ean indoced seach 
fumn=4,/4.,v0le, As the fux @ varies sinusoidally, 
thera sinsoidal ea. willbe induced in each ten of 
oth pemary an secondary windings, 
Fora sine wave 


ens. value 
erage value 
11 (20 Chap 14) 


foun fat 


Hence rama. value= form factor x average value= 
Liveaverge Value, Thus fans. eat induced ia 
cach um 


1x4 /@avolts 
44 fos 


‘Therefore ns. vale of ea induced in primary, 


B 


yas vols “ 
and ea val of ean, induced in secondary, 


y= AMON volts ) 


equation (by equation (5) gives 


(2-2) 


Prof 9. A LODRVA. 4000200, 42 
single-phase ansformet has 100 secondary tras. 
Detemmine (athe primary an secondary current, 
(te numberof ear tums, and () the 
‘maximum value of the flux 


Yj=annV, ¥2=200V, f=S0Ha, a= 100 ums 


(2) Thansfonmer rting=Vi=Valp=LOOOOVA 
Hence pint cures, 


1 ~ lon 00009 
t= = aor 
ad secondary cueat, 
00900 9n000 


a 


(0) From equation (3), Y= ram which, prenry 


sr 
0 0) = 40 


(0) From equation (5), £: 4.44 /qN: from which, 


rear sing = 1) 


9.01 10-* Wh or 9.01mWb 


[Atenatively. equation (4) could have heen we, 


where 
By 4AM fq, from whic, 
000 
0 a ing 
9.0L Was above} 


Probes 10. A single-phase, SOHzransfoamer 
ta 25 primary tus and 300 secondary turns. The 
oss sectional ae of the ere 300 When 
the primary windings conaected to 3250V supply 
ketzrine (a) the maint value of the das 
least athe core, and (the voltage induced ia 
the secondary winding, 


(2) From equation), 
Em Eyl fOuN; vite 
Le 250.4480) (25) fe whieh asin 
fuedesity, 


20 
Ta 


oo 4505Wh 


However dy By A. ese By maximum 
flux density inthe cove and Acro sectinal area 
ofthe core (see Chapter 7). Hence 


B® 10  10-4=0.08508 fom which, 

o.0ssos 

maximum Bux density, By = <2 
=1s0T 
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wm 
o Fe i(k: 
tne nthe econdary wicdig 
00) 


vee (2) =2000V ocak 


Probleas 11, A siagle-phase $00V/100V, SOH2 
‘wansfoemer has smu coe Hux density af 
1.STand an effective cove cos-aectional aa of 


‘Sean! Detemine the nuiber of primary and 
secondary tums. 


‘Thee mL equation foratansfomeris E= 4.44 fq 
ad mucin Bus, By =H A= (15)(50 3 10-4 = 
75x10-4Wh 

Since £,=44 (4 hen primary tr, 


met su 
= TT a, TANTO 
= 300 turns 


A 100 


THe, ~ TET 
= 60 turns 


Probl 12. A 4S00V/225Y, SOB single-phase 
‘wansgemer it have an spprosinate em per 
‘ten of 1S V and operate wih maximum Aux of 
TAT Calculate (a) the aur of pita and 
Secondary tur az (h) the eos Seton area af 
the coe, 


Fi_Es 
™ 


(a), Em, pert: is 


Hence pray tus, My 


o 44/0 qNe fom which, 
4500 

Tam” TESST 

Now fue, by =Bq > A, where A isthe ess 


os (22) 


0.04K3 ni ARS 


67600 


hence area, A. 


[Now try the following exercise 


Exercise 120, Further problems onthe 
transformerem. equation 


1. AGOKVA, 1600¥/100Y, SOs single-phase 
‘uansforme has 50 secondary windings. Cal- 
‘alte (a) the primary and secondary cutat, 
{by the number of primary tans, and () the 
‘stim vale ofthe ux. 

Tia) 37.5, 608 (b) $00 (2) 2.0m) 


* 


A single phase, SO wansfomer has 40 pi 
mary tut and S20 secondary turns, The 
‘rossectionl area of the coe is 7c 
‘When the prumary winding i connected 103 
300 elt suppl, detennine (a) the asin 
“alae of un densiy inthe Cre and () the 
‘ollage induced in the secondary winding. 
{ia) 12877(0)3.904V) 


3. A single-phase $00V/100V, S02 uans- 
former has a maximum core fux density of 
11294 and an effective crost-sctonal aca 
‘of em’, Calculate the umber of turns 
‘he peimary an seeomary windings. 

{464,58} 


4A SARV/LIOV, SOs, single-phase uans- 
former i to hae an approximate ea. per 
tum of 22 and operate with a maxim 
fh of 1257. Calculate (a) the number of 
primary and secondary turns, and (D) the 

‘rouaetional tea of the core, 
Ta) 180, $1) 72.8em4) 


21.5. Transform: 
diagram 


load phasor 


he voltage dep inthe windings ofa wansforeer ae 
sumed negligible then the trina voltage Vs the 
Sane ab the induced em. 2 in the secondary. Si 
Inly, Vi=E1. Assuming an equal numberof tus on 
fia and secondary windings, then Ey = E>, and et 
‘he oa have lagging phase angle ds. 

Tn the puso dagram of Fig. 218, cute 
Ve by angle go. When loads connected arows the 
secondary winding cute fs Hos in the secondary 
Winding. The westling secondary ean ste 50 a8 10 
ten to seduce the coe fx: However this dace nat 


happen since reduction ofthe core Aux reduces E, 
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ence a reflected increane in pimary caren J; cuts 
hich provides restoring man. Hence a all load, 
Primary and secondary m.n.'sate equal ban oppos 
Mion, and thecore uk emai constant somes 
called the “balancing erent abd sea, but in the 
‘opposite diction. to cure fy a8 shove in Fg. 2.4 
‘.sbownataphase angle 4 to Vise noload current 
‘fe wansoemer (ee Section 213), 

‘The phasor sum af J; and Jp gives the supply 
urreat 7, aad the pase angle between Vj and Jy it 
shown 


Profan 13, A single-phase transformer has 
200 ums on he primary and 800 tums on the 
Seconda Is notoadcurtentis 54 ata power 
factor of 20 lagpng. Assuming the wot drop in 
the windings nepligibe, detemine the piay 
‘urent and power factor when the secondary 
‘urea is 100 ata power factor of OS lageing. 


Le J be the component ofthe primary cutent which 
oviestheextoriag man. Then 


HiNi=1Ns 


ie F200) = (100/800), 
2.0)800), 


from whic, 


0A 


IF the power for of the secnadary i 0.85, thea 
O45, ftom which, gs 


shown at an angle of ¢ 
sown in antphata J 
‘The nooad cureat =SA is shown at an angle of 
y= TKS" to Vy. Cuteat fy the phasor sum of 
fn fo and by drawing to Sele, Fy=44A and ange 
oa 

‘By calculation, 


A 10 Ve and; 


Areoug= r+ 0 


acon + east 
(50.2) + 4090.45) 
= 3508, 


and ysingy = 06-400 


Iosingy + Using 
(5) sin 7H + (40)sin31. 8 
25988 


Hence the magnitude of f1= VIS FISD 
ABS9A and tan $1 = 598/380) rom which 
(r= tan" 125.98/35.0)=3689, Hencethe power tae: 
{tof the pinay = ens =e0s3689" = 
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[Now te the following exercise 


nares 121 


1 Asingle phase transformer has 2400 tums 00 
the primary and 600 turns on the secondary. 
Tis no-load current i 4A a power fcr of 
125 lagaing. Assuming the volt drop ia the 
‘windings is negligible, calculate the primary 
futon aad power lactor when the secondary 
ateats Ata power factor of 08 lagping 

(23264,073) 


21.6 Transformer construction 


() There ae beoaly two types of single-phase 
ouble-wound transformer constuction ~ the 
ore typean ths shall types shown in Fig. 216 
The low and high olage windings are Wound ak 
own to reduce leakage dix 


gis Lng 


iv de 


(nore 


Atta 
Calon 


statins 
i) Foe power transformers, sted possibly at 


eral MVA an operating at a faqueny of SOK 
tn Great Bit, te care material wed is usually 


lamiated silicon stel or stalloy, the lamina 
tions reducing edd) cureats an the silicon sel 
oping ysteresis ss 10 mini. 


Large powertsnsfonmers ae used 
‘uibauonsystem an in adusil supply cies, 
‘Small power wansfoemess have many applica 
‘ows, tamples including welding and rece 
supplies domesictell circuits, imported washing 
machines st soo 


(i) For auako fequevey (a) transformers st 
ftom few oVA to no more than 20VA and oper 
sing t frequencies upto about 1SKH2 the stall, 
‘ove isso ade of lainate leon ts. Atyp- 
eal aplication of 3 uasformers sin an ao 
plier sytem, 


(is) Radio frequency (ef) transformers. operating 
in the MBL frequency segion have ether an ar 
oe, frie core ofa dust coe. Fnite isa 
‘amie meri having mage poperties sa 
iar silicon sel, bt having high resist, 
ust cores consist ine patilesofeasbooiron 
‘or permalloy (ie nickel and ion, each particle 
‘which sisted fot its oeighbou Appl 
‘ition of rf ransfonners fe fut inva and 
‘elevision reeves 


(vy Teansfomer windings ae usually of ensmel- 
asad copper or aluiaia. 


(i) Cooling is achieved by arin small wansformers 
snd ol ia large wansfonnes. 


21.7. Equivalent circuit of a 
transformer 


Figuie27 showsan equivalent cieuitofaansformet 
‘Ry and Re represent te resistaees ofthe pia ad 
Secondary windings and Xy and represent the ea 
tances ofthe primary and secondary windings, de 0 
leakage ti, 

“Teco losses duetohysteress ane cutensare 
allowed forby resistance R which takes acitent Fe the 
oe los component ofthe primary cure. Reacanee 
1X takes the magnetising component fy. na smplitiod 
‘guialet ict shown in Fip-218. Rand X at omit 
te since the no-load custent a nom only out 
13-5 percent ofthe fil-load primary curren, 

eis often coayenieat 1 assume that all of the 
resiaance and Yeactance as being on one side of the 
tansarmes Resistance Kyi Fig. 218 en be eplaced, 
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gure 217 


Figure 218 


by inserting a ational resistance in he priaaey 
‘cuit stch thatthe power absorbed in whet cary 
ing the primary cutent sual wo that a due tothe 
secondary cutee 


from which, 


“Then the total equivalent resistance ia the primary ct 
‘uit Re sequal the primary and secondary eines 
‘tthe scua ans, 


Hence R= +R 


n(Z) 


By similar reasoning, the equivalent reactance ia the 
mary ica is given by Xy—-+X 


wen()E 


‘The equivlea impedance 2; ofthe uimary and se 
ondary windings fered othe primary is given by 


Vee “6 


16g, iv the phase angle berween and the volt dro 
hee 


o 


“The simplied equivalent eteuit of 4 wansoner i 
shawn in Fig. 21.9, 


‘Problem 14. tansfomer as 600 primary 
tums and 10 secondary tums, The pinay and 
secondary existance are 02591 an 0.012 
‘eapectely and he comesponding eskaze 
teactances are 10S and 0.042 respectively 
Determine (athe equvalenresinance referred 0 
the primary winding.) he equivalent eactance 
refed tthe primary winding (lhe equialeat 
Arpedance steed tthe primary winding and 
(Ge phase angle ofthe tence 
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cot 


Figere21 


(a), From equation (6), equivalent resistance 


(6) From equation (8), equivalent impedance, 


2,= RN =JUIPFTBP = 1690 


(4) row equation 


Hence 1596 


[Now try the fullowing exercise 


Exercise 122 further problem on the 
equivalent dreuit ofa 
transformer 


1. A teansformer has 1200 primary turns and 200, 
Secondary tums. The prinuy and Secondary 
‘essences ae 0.20 and 0.020 respectively 
tnd the coesponding leakage rescances 
tue 1.20 and O50 respectively. Caleulate 


(a) the equivalent resitance, reutance and 

Impedance refereed to the peinary winding, 

an (b the phase angle ofthe impedance 
[ay 0920, 800, 3.140 (0) 72957), 


21. 


Regulation of a transfor 


‘When the secondary of transformers odd, the soc 
‘lary terminal voage V5, falls As the power fctor 
screass, this voltage dop inceeses. This called 
‘he regulation of the transformer and i usually 
expr a percentage ofthe secondary no-load 
‘olage, 5, For ull od conditions: 


Regulati ) «100% (10) 


‘Tallin voltage, (Es V3) scab the resistance 
sad eactance af the windings Typical valusof vol 

ultonare about 34 ia sal teanaforers and about 
in lage teansformes, 


Problem 1S. A SEVA, 200V/400V. single phase 
transformer has a secondary teins vlage of 
5387-6yolts when loaded. Detemine the egulaion 
ofthe transformer 


From equation (10): 


‘No-load secondary Voltage 
tenunl volge oad 


| oroad secondary wage 


ulation: 10055 


(2g) x00 


8) se 


Ve 
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Problem 16, The ope-ceci voltage ofa 
teansformer is 240. A tapchanging device et 10 
‘operate when the percentage repulaton drop below 
2554. Determine the lad volage at which the 
‘mechanism operas. 


No-oud secondary voltage 
‘enna voltage on load 


| som seoniaryvoage—|*'°% 


Regulation 


00 


2920) _ya0—¥5 


[Now ty the following exercise 


Exercise 123. Further problems.on 
regulation 


L.A BAVA, 100V/S0OV, single phase uns 
former has a secondary terminal valle of 
{897-5 vols when loaded. Deennine the rg 
kon ofthe transfor, as%1 


‘A tamsfonmer tus an open-cizeit voltage 
ff Hvolis A tap-ehanging deve operates 
‘when the regulation falls Below 34. Cake 
late the loud valage at which the apchanger 
operates. 11067 vl} 


21.9 Transformer los 
efficiency 


jesand 


‘Thereare badly eo sourcesalssesin transtrmers 
‘on oad, these being copper losses and i losses 


(2) Copper losses are variable and seul ia hoa 
{ng OF the conductors, due 1 the fact that they 
possess resistance. IF and ate the primary 


and secondary winding resistances then th ol 
pp ou is 2, +9 
(0) Iran losses ace constant fe 2 given value of fe 
syuency and flux density and are of two types — 
lyseress loss and eddy eure ls 
(i) Hysteresis lose isthe beating of the coe 
ae a result of the intemal molecular src 
ture reversals wich occur as the magnetic 
flux alternates. The lose proportional tothe 
sea ofthe hysteresis loop an thus lo loss 
nickel iran alloy are use for the core snce 
thei hysteresis loops have stall ae. (See 
Chager 7) 


i) Eady curzent tos isthe esting of he core 
de to e's being induced not ony i the 
ransformer windings but also in the core 
“These induced ean. setup cicating cs 
sents, called ey eustnts Owing to the low 
fesistance of the core, eddy currents ean be 
‘ite considerableandcancattealarge power 
Toss and excessive heating ofthe cone. Ey 
cent losses can be educedy icreasing the 
fesitvity ofthe core meri ot more ia 
ally.by laminating the core (..spiting ito 
yee leaves) when ery thin ayes ins 
Jatng materia canbe inserted between each 
prof laminations. This increases the resis 
{ence ofthe ey cute ath al seduces 
the valu ofthe ey cute. 


‘Teanstrmerefiency, 


‘output power _ input power — losses 
“Tapa power ~ ——Taput power — 
te. ee ay 
i power 


ands usualy expresiedasapercenageItisnot uncom 
‘mon for power transformers to have effiiencies of 
tween 95% aml 985 

Output pawer= Vals esd, 

‘Total loses = copper loss+ ron losses, 

and ingut power output power-+lomes 


Problem 17. A 200KVA cated wansformer has a 
ful-oadcoppe los of | SEW and anion loss of 


1A. Detemine the wansforme fine a fall 
oad und 05 power factor, 
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ficiency, » = Mama wet 


THpurponer 


par power 

Full-oud output power= Vcas = (200)(085) 
= 704. 

‘Total owes 15+ 10-258 

Input power =outpt power+ losses 


10425=17254W. 


Hees tices = (8 


ones 


0.9855 06 8555 


Problem 18 Detennine the eiieny of the 
‘eansfoemer in Problem 7 at hal fl oad and O85 
power factor 


Hatta power —(1/2) 2000.45) —XSKW 
Copper los (lo) i proportional oer 
Se. Hest copper Tosa hal ful fond 
(so =75W 

Hom low O00 eon 

Tallonce=375 hh 375Woe 37S. 
tnt power bal load 


Tarps 
1378 
wes, 

=1 00150 

0.9841 or AL 


Probl 19. A 400RVA wansformer has a 
rma winding resistance of 0.892 anda 
Scconduy winding esistance of 0.0012. The ton 
loses 2.KW and the primary and secondary 
volages te kV and 320 reapotvely I the 
power factor ofthe load is 035, determine the 
‘fein of he transformer a on fl oad, and 
(on haf Load 


o 


Rating 


400K 


Hence primary 


40 10° 
0 


80, 


an secondary curse, 


4003108 _ 400. 10 
a 


0) 00.5)+ 428012 0.001) 
200+ 1562.5 = 4762.8 was 


‘Tonal output power on fll aad 


400 10}085) 


Vsheosg: 


Input power = ouput power tosses 
= HOKW+72025W 


72258W. 


ficiency, 


ee 
Tipu power 


Tes.) t 


oi 


Since the copper los vaies as the square 
fof the cure, then total copper lose on ball 
load 4762.5 (2)°=1190.628W. Hence ttl 
‘oss on half oad =1190.625 +2500 =3690.625 W 
perry 

‘Output power on hal Fl loa 


Input power oa hal al loa 
ouipurpower + loses 


=17OKW+ 3.001 


173.6018W 
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ence efeeny t half ul load, 


ptt) x 100s 
arpa, 

01 

EL) stom arr 


Maximum efficiency 


Ie may be shown that the efficiency of wansforner 
ia maximum when the variable copper fous (ce. 
130, F13R:) 1 oad w the ost we ose. 


Problem 20, A SOORVA wansfomer has a 
{ul-oud copper los of EW and anion loss of 
2.S5EW. Determine (a) the oupat kVA at which the 
ffceney ofthe tansformer ia mss, and 
() the maximums efficiency. assuming the power 
Tactr ofthe load is 05. 


(a) Let be the fation of fll load KVA at which 
the efficiency is 4 maximum, The corespending 
total coppe oss = (RW). AF maximum ef 
clone copper loss—iton loss. Hence de? 25 
fiom Which #°=2.8/4 and x= VT374=0.701 
‘ence the output kVA at maximum efileney 


(0) Toa oss at maximum efceney 


up power=395-5KVA xp 


296.6050 


i9g25 + S301 A2SKW 


‘Maximum effcieney, 
owes 
Ss) «sms 
pu power 
Se) x 100% 980 
sams) * 


[Now ty the following exerlse 
Exercise 124 Further problems on losses 
andefficiency 


1 A.single phase tansfonner has a voltage ratio 
‘6:1 and he hy windings supped at S40. 


‘The secondary winding provides fll oad 
current of 30A ata power factor of O lg 
‘ing. Neglecting losses, Hd (a) the rating of 
the tansforne,(b) the power supplied to the 
loa (othe primary eure 

ta) 27AVA 0) 216K (0 SA), 


A single phase uansfnme irate at 4OkVA, 
‘The transformer hs fl-oad eoppe loses of 
SOW and it loses of SOOW, Determine 
the tansfonner ef 

power factor 


Determine the effiiency of the tunsformer 
in pre 2a al fll lad and O% power 
factor [pssve] 


‘A 100KVA, 2000/00, SOF, single 
Phase tanstorne bas an igo oss of 600 
fn a fale copper las of 1600 W. Cal 
Tae is efcene for alo of 6DAW at 0. 
owe fact [9756], 


‘Detemnine the eflcieney of & ISRVA tan 
fone forthe following conditions: 
(© aloud, nity power factor 
i) 048 fll-oad unity power factor 
(ii) half uo. 08 power factor 
Assume tha gon loses e200 W and 
‘he fla copper lows s 300. 
11a) 96.7% (a) 96.8 (i) 95.8255) 


{A 0OKVA transformer has primary winding 
Tessance of 0.40 and secondary winding 
Fesnance of 00152, The ir loses kW 
tnd the peimary and secondary voltages te 
{TRV ard 200 Vsespectiel. I the power fc 
toraf the loads 0.78, determine the ficiency 
ofthe tansforme (a on ful load and 6) on 
hal oad Ha) 96.84% (6) 97.175), 


{A 2SORVA trinsformer bas a fulldoad cop 
pet los of 3KW and an ion Jose of 28, 
Calculate (a) the ouput EVA at which the 
ciency of the uansfomer i 8 maximus, 
‘nd (the maxinuffcieney, assuming the 
power factor ofthe loud is 030 

(1a) 208.1kVA (0) 97.61%) 
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21.10 Resistance matching 


‘Varying load resistance to be equal. or almost equal to 
‘he route teal sistance ialled matching Ex 
ples where resistance matching i important include 
oupling an ‘seal to 4 wansmer or rcever, 
coupling a Toudspeaker 10 an ampli, where cou- 
pling ansfocters may heusedo give masiaun power 
transfer 

‘Wath de. generators r secondary cells, the internal 
sesistanue is wualy very stall Ia such cases, an 
tempts made to make te load existance s stall 
‘he sowie internal resistance cveloading ofthe sauce 
resus, 

"A method of achieving munimum power tans 
fer between a source and a la (se Section 139, 
‘ge 200), so ads the value ofthe lead esistance 
ach the source internal resistance, A transform 
may be used as a resistance matching device by 
‘connecting t between the la and the source 

"The reason why a wapsfrmer car be used fo hiss 
shown below. With refeence to Fig. 21.10 


vs vi 
mB oot wat 
4 
7 a 
maim |e 


Pigare21.10 


Foran deal wansfomes, 


an 


‘Thus the equivlea input resistance Ry of the wans- 
Fanner is given by: 


momen 


Hence by varying the value of the tums rai, the 
equivalent input esstance of & tansformer cap be 
“tate tthe internal sistance of load W achieve 
‘maximum power tafe, 


Problem 21. A wansforme having aturs eto of 
441 supplies a load of sistance 1002. Determine 
the equtvalen input resistance of the ansfomner, 


rom above the equivalent input sists, 


Problem 22. "The outpustage ofan amplior 
hasan output resistance of 122. Calcalate the 
optimum uns ratio ofa wansfome which would 
‘math load resistance of 72210 the output 
‘esistance ofthe ampli, 


‘Te circuit shown in Fig 21.11 


Jaane 


Viger 2111 


‘The equivalent input resistance, ofthe wansformer 
needs tobe 1122 for mann paver nse 


Hence 


‘Hence the optimum turns ratios 421 
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Probl 23, Determine the optimum valu of 
load eisance for maim power wanser ifthe 
load is connected to an amples of expat 
sesstance 1502 though aansformer with a turns 
ratio of 


needs tobe 0. for maximum power ane, 


foe whic, 


=1s0(4)= 62 


Probl 24, A sagle-phase, 2200/1760 V ideal 
‘uansormer i supplied fom 4 220 soure 
tiyough a cable of eesistance 22 I the load across 
the secondary Winding i | 2840 determine a) he 
primary current flowing and (b) the power 
isipated inthe load seis. 


‘The cgi diagram is shown in Fig. 2.12 


_ 


via) ~(7) 


Equivalent inp esistance ofthe tansformet 


‘Total inpat resistance 


My = RR 
Priqnary eure, 
v0 
nathan 
ix 


‘The equivalent input resistance Ry ofthe uansformer 


(©) Foran ideal wansformer 


Power dissipate in load ess Ry 
1.257 (128 104) 
2000 atts or 2KW 


‘Problem 25, Anac. source of24V and internal 
resistance [SEOs matched toa Toad by 825: ideal 
‘Eanes, Detrine (a) the vale ofthe oad 

resistance and (b) the power dissipated ia the Foal 


‘The circuit diagram is shown in Fig. 21.13, 


gure 2133 


(2) Forsatimam power tanser Ry ods be cyual 
Wisk 


(©) The total it resistance when the soute isco 
soothe matching ansfonmeeis Rs + sb 
LO 15k2=30K0. 
Pinay cures, 


vom 
S000 ~ 30m 
Ni/a=ha/h, tro which, f= (N%/N2)= 
(OR 10-RS/1)=20 10-9 


4 


mA, 
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Power dissipated the oad 


PBR = 20% 10°F Al 
at 10-4 8.6000 4 ‘| I hs wae 
a fy i 
Newey elongate 
bl “= @ (b) 
earn pea] renin 


reslstance matching 


1. Autansformer having tus ratio of 8:1 up 
plies loa of resistance $00. Determine the 
quialat input resistance of the wansfrn. 

[32ka 


2. What of uansfonmer uns is required 10 
take a ood of resistance 3082 apeat wo have 
resistance of 27027 1 


43, Desemine the optim value of loa ese 
tance for maximum power transfer if the load 
'S conaected to an ampli of ouput res 
tance 147 though wansformer with ate 
rato of 72. 12a 


4. A singlephase, MOV/2S80V ideal tans 
fowmer is supplied ftom a 240 source 
thyough cable af resistance 301 the load 
scross the seconday winding i 20 deter 
mine (a) the primary cument owing and 
(he power dissipate ithe load sesistance 

(a) 304 (b) 4541 


5. A load of resistance 7642 ist be matched 
ton amplifier which bas an effective output 
‘sistance of 120, Determine the tums aio 
the coupling ransom, re) 


6. An we. soure of 20V and intemal rese- 
tance 20KE2 is mched 4 a Load by 3 16 
single-phase tansarnee. Determine (3) the 
‘ale othe la sistance and (b) tbe power 
Assipated in the oad. 

(10) 7613.0.0 5m] 


21 


1. Auto transformer 


‘An auto transom i a transormer which hae part 
‘ofits winding commen tothe primary and secondary 
Sveita Fig. 2114) shows the cet fora double- 
‘wound wansformer and Fig 21.140) tht foe an auto 


transformer, Theater sho that the econdary act 
ally pat ofthe primary, the eure in the secondary 
bing (f2— fy. Since the cumea i ess in this section, 
the efow-aectionalaea ofthe winding canbe reduce, 
‘which reduces the amouat of material neces. 
Figure 2.15 shows the evel diagram symbl for an 
uo tanner, 


= 


Problem 26. A single-phase auto wansfomer has 
voltage aio 320V.250 Vand supplies a load of 
DOLVA a1 280. Assuming an del tasformes, 
“determine the custeat in each section ofthe 
winding. 


ating =20KVA= Vil: 
ence primary cent, 


ts 


<1! _ 2x10 


vi amo SA 
sau secondary eurent, 
pc HOY _ 20210" ga 
an 


ence eater i commana pt ofthe winding 
HI 625=175A, 

‘The cuzetfoing each Seton ofthe tansformer 

‘show in Fig. 21.16 


Saving of copper in an auto transformer 


Fr the same output and voltage mato, the auto tan 
formor toques les copper than an einay double 
‘wound anf, This is expained below, 
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“The volume and hence weight of copper rege i 
4 winding i peopeiona othe number of ts and 
te the eroesectional area af the wie, Kn tum the is 
roportona to he cutet tobe cated, be lume of 
‘Coppers peopontonal NY 

Volume of copper aan auto wansormer 


eM —Nayh + Nat) 


see Fig, 2.140) 
ex Nelh — Nal-t Nets — Nati 
Nats 
Vsh (ince Nola = Nel) 


Volume of copper ina double wound ansfomer 
Oc Nilh + Ne 8 Ni 
(again, since NoJ2= Ns) Hence 
Yolume of copper in 
‘i auto eanetocer 


vata of copperina — 
duble-wound transformer 


We(N/M)=e then 


(olumeof copper in an auto transformer) 
= (1) (volume of copper n'a doublee 
‘wound tansformer} 12) 


say, 
‘wansfonner) 


(4/5) then (volume oF copper in auto 


(1g) fslmecopperin a 
5) doble- wound rnsforen) 


= } (volume indoole- wound wns) 


Le asving or 80, 


Similan if = (1/8, the saving is 25 po cont, and 
son. The closer Ny 0.N the greater the saving a 
copes 


Protea 27. Determine the sving inthe volume 
of copper wed in an aut transformer compared 
‘with double-woun ans for (a) 
200V-150'V tansfoemer, and (b) 2 300V-100V 
transformer. 


(2) Fors 200V:1S0V wansformes, 


ve _ 190 


Peaors 


Hence fr equation (12) 
suo wansfonner 


(volume of copper in 


(10.75) (volume of copper i 
dube-wound ansformer) 


= (025) (lume of copper ia 
<duble- wound wansformes) 


=254 (of eopperin a 
‘duble-woundansformer) 


Hence the sayings 75% 
(©) For 500V:100V eansormes 


vs_ 100 
vi 50n~"? 

ene, (ame fpr in ao arma) 

= (1 =0.2) oa of oper in 
“ood aso) 

(0) (ome in double woud aoe) 


0% of copper in a double-nound ansfomer 
Hence he savings 20% 
‘Now ty the following exerise 
Exercise 126. Further problems on the auto 


wansformer 


1. A single plase auto wansfonne has vat 
‘ge ratio of 4NOVS00V and. supplies a 
Toad of 30KVA at 300, Assuming an ideal 
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2 Calclae the saving i the volume of copper 
sed in an auto teansformer compared With 
8 double- wound wansformer fr (2) 30DV: 
240V wansformey, and (b) a 400V. 100 
transformer, [1a 805 (0) 254) 


‘Advantages of auto transformers 


‘Tho vantageso auto tansorness ver doube-Wwount 
seansfocmers ice: 


1. saving in cost sac less copper is needed (ee 
hove) 


tees volume hence less weight 


3. ahighereticieny, sulin from lower 7 losses 


44, acontiauosl arabe output voltages achievable 
‘ashing comets wed 


5. asaller percentage volage regulation. 


Disadvantages of auto transformers 


‘The primary and secondary windings ae not eleti- 
cally Sepa, hones if an ope-incuit oceurs 8 the 
Secondary winding the fall primary veliage appeas 
‘eos the secondary 


Perry nnas 


Secondary rags 


Uses of auto transformers 


Auto tnsformers ate used for reducing the val 
‘age when stating induction motors (see Chaper 3) 
Sue for interconnecting systems that are opetating at 
Spproximatly the same yotge 


21.12 Isolating transformers 


‘Teansowmers ot only erable cate or voltage 10 be 
teansformed 1o some difeent magnitude bat provide 
‘means of oatng electrically one pat fa cat ro, 
other when thete iso eleetical connection between, 
fam and sccondary windings. An Wolting trans 
former is 21:1 rato tansformer with sever impo 
‘unt applications, icing buheoom shaver socket, 
fomable electric tool, model allway, and 30 0, 


21.13 Three-phase transformers 


‘Tce phawe double wound transformers are minly 
sed in power tratsission and are usally af the ee 
‘ype. They basally consist of Mee pus uf single 
plise windings moubted on onc core, a6 Show in 
Fig. 2.17, which gives a considerable saving ia he 
mount of on used. The pena and secondary wind 
ings in Fg. 2117 ae wound wn top ofeach ether ia 
the form af concer cylinders, similar wo that shown 
‘in Fig. 21.61). The witlings may be withthe peimary 
eka-conaeetod und the secoadaty sta-conneced, ot 
‘dla sarstar or deliedeta, depending on its we, 


Pigere21.17 
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igure 2116 


‘Adlts-connction i shown in Fig. 211) and asta 
‘connection in Fg. 21.180), 


Probl 2%. A the phase wansfmer has $00 


fer 20) Priary phase voltage, 
Mi _ 2400 
We 
Fora det-connetion, Vi=Vp 


Nj/My=Vj/Vs tom which sonar pas vot 


% 18560, 


(0) For a deiaconnetion, Vi= Vp hence. pei 
sary phise voltage Vj) =2.4V =2400 yal. Se 


onary phase voliag. 
som (32 
ew (a) 


venta ($8) ies 


te une ine Ps. 


Forastarconnostion. Vj = Y/3¥, eee the secondary 
line voltage, Viz =V5240) =A alls 


"Now ry the following exercise 


‘Exercise 127 Afurther problem onthe 
three-phase transformer 


1. A tvee-phase transformer has 600 primary 
‘uns and 150 secondary tues. the supply 
soltae is SEV determine te secnadary line 
Noltage on no-load when the windings ate 
oanected (a) dliastar (stadia. 

Tia) 6195 0) 2165) 


21.14 Current transformers 


For measuring cures in exces of about 100 acu 
‘eat ansformer is normally used. With ad. ming 
oil ammter the cureatrequied to give full-scale 
‘tection i very small ypially fe maillampes, 
‘When lager custets ae tobe measured a shunt esistor 
Isaddd oth cet sce Chapter 10}. However, ven 
wit shunt rexstor add fot posible oenssure 
‘ey lage cents When a. iabeing eased astunt 
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Figure 


‘cannot be use sinc the propotion the cuter whieh 
ows inthe meter will depend ots inpedanc, which 
‘ares ith roguncy 

Ina double-woundtraeforner: 


fom which 


secondary current I 


In current transformers the prnary usally consists of 
‘ae of twa tums while the secondary can have se 
fal hundsed tus A typical arangement i shown ia 
ig 21.19 

1 for example, the primary has 2 tens an the see 
‘ondary 200 tus the ifthe primary eument is SOA, 


secondary cent, 


Curent transformers isolate the ameter fromthe main 
siteicand allow thew of asandand range ot amteters 
vving ull scale deflctions of 1A, 2A or 

For sory Lange cutets the wansformer core ean be 
‘mounted arend the conductor or hurbat Thus the 
fray thon has just ne tn 

Isis very important shot cree the secondary wind 
ing before removing the ammeter. Tis is because if 
‘tient owig inthe pinay dangerously hgh ot 
‘ager could be induced in the secondary shold tbe 
‘pen-cituited. 

(Cuseattanstonner crit diagram symbols ae shown 
in Fig 21.20, 


Figure21.20 


Problem 29, A current ranefonmer has. single 
‘urn the pimary winding aa secondary 
‘winding of 60 tums, The secondary winding 
onneced oan ammeter with a eitane of 
DSO, The resistance ofthe secondary winding is 
(0.250. Ifthe cuent inthe rary windings 
300, determine (athe eading 0 the anne, 
(be potential diference aco the acter aad 
(6) he total lea (a VA) the secondary. 


(4), Reading a the amauter, 


(0) Pa aos the aman 


(c) Total resistance af secondary cite 


s+ 025 
Sy 
OVA. 


Induced emf in secondary 
‘Toul la on secondary =(20)5) 


[Now try the following exercise 


Exercise 128 A further problem on the 
current transformer 


1A curonttanformer has two tens on the 
Primary winding and a secondary winding 
‘F260 turn, The secondary winding i on 
ected to a ammeter witha resistance of 
020. Theresitanceof hesecoaiay winding 
i 0.30. Ifthe cument in the primary wind 
ing 650, determine (a) the Yeadiag oa the 
aneter, (D) the potential diference sess 
‘he ammeter, and (e) the ttl lod in VA‘ 

the secondary. 
Ta) SA) 1VE@)7SVAL 
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21.15 Voltage transformers 


For measuring vollages in excess of aout SOOV it is 
‘often safer to use a vllage wansfonmer. Those ae not 
tna double‘wound tansonmers with a lage number 
‘tus oo the primary, whic i coaaeted Yo a high 
Sole supply. ad small number of ts 08 the 
Secondary Atypical arangemeatisshown ia Fig 21.21 


—— 


Hon 
vetage 
T 


,__] 
ray 


Since 


AN: 
vr 


‘Thus the avangemeat in Fig. 21.21 has 400 pinay 
tums and 20 secoadar tur then ora voltae 228V 
‘onthe primary, the vole on the secondary, 


Ns 
“() 
Now ty the towig erin 


Exercise 129 short answer questions on 
‘wansformers 


1, What ix atansormer? 


2. Explain briefly how a voltage i induced ia 
the seconds winding of a teansorer 

3, Deaw the circuit diagram symbal fora rans 
former 


4. State the relationship between tums and 
‘ola ais fora tansfoemer 


How isa transormer ete? 


Brietydesribe the principle of operation of 
a tanstonmer 


Daw a phasor dlagram for an ideal wans 
forme on no-load 


State the ean equation for a wansfocmer 


aw an on-Load phasc dagram for ania 
transformer with an inductive load 


Name two1ypes of uansfonne eastuction 


‘What cove material is somally used for 
power ranean 


[Name thee cove muri sed in ane 
fonmere 


‘State a types aplication for (a) af tan 
formers (bef uansformers 


How is cooing achieved in wansformers? 


Sate the expressions for equivalent tess: 
‘ance and eactanceofateansformes, fered 
tothe pimary 

Define regulation of a tansfoaner 

[Name two sourees of loss ina wansformer 


‘What is hysteresis os? How sit ninimised 


ina wansocmer? 


‘What ae ely currents? How ay they be 
esc in anaormers? 


How is ficiency of transformer caleu 
laa? 


‘What is the condition for maximum efi 
ciency of ansformer? 


‘What does resistance matching mean? 


State a practical aplication where matching 
would Be used 


Derive formula for the equivalent resis: 
tance of a taneormer having 8 tr aio 
(of M:Ns and Toad vesistance Ri 

‘What isan ato tansformer? 

‘State tee advantages and. one disadvan- 


tage ofan auto transformer compared with 
a double-wound wansformer| 
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27. what applications ae auto uansformens 3. A step-up wansformer as a tras eto of 
” 10. IF the ouput euent is 5A, the input 
28, What isan foating transformer? Give two uments 
eee arse oy sa 
(© 254 (@ 05a 
20, Describe broly the construction of thee 
plas transformer 4. A440V/110Veanstormertas1000tumson 
Ai Lie wt mac ae to ore the primary winding. The numberof tums on 
eet the secondary 8 
23, Describe how acurentaeormer operates (a 550) (250 
a (© 4000, @ 8 
32. ir what venton are yoltage traneoners 
vs? 5. Am avanage of an auansfoemer 
33, Describe how aoltagetansformer operates that 


(a) it gives a hgh step-up ratio 
(0) io loses ate reduced 
{e) copper loss seus 


Exercise 130 Mult-choice questions on (G) ieredces capacitance Hetween tens 
transformers 
(answers on page 421) 6 A1KV/250V taster bas $00 tums on 


the secondary winding, The umber of tums 


1. The ems, equation ofa transformer of se i eee 


‘onday tums N;, mapoetie Mux density By 

magnetic area Of core a, and operating at (a) 2000) 125 

Sega ene e) 1000 Wo) 250, 

(0) E.=AAiNeaaf vols 7. Thecore fa tansforme i aminaed wo 
(2) mit hysteresis os 

0) Bate ots (0) reduce the inductance ofthe windings 


(e) reduce te effets of eddy current lout 
(@) presented current rm occuring 


8. The power input 10 msi transformer 
200W. Ite primary current is2 SA, the sc 


2 Inthe auo-uansfonse shown in Fi. 21.2 ‘ondary voltage is2V and assuming no lowes 
the curent in setion PQ ix {nthe wansformer dhe turns ai i 
() 3300) LTA () SAG) 164 (2) A0etstep down (b) 40:1 step up 


(©) S0e1 stepdawn (@) #0: stp up 


at 9, A wansformer has #00 primary uns and 100 


Secondary uns To obtain 40 Vom the sec- 
dary Winding the yolage applied to the 
‘Primary winding mst be 

(o 5v. () a20v 

(@) 23V {@ 20v 


A 1ODVA, 250 /1ORY, single-phase transformer 
has flat coppe loss of 0W and an ion 
loss of SO)W. The primary winding contains 

urns, For the stents in questions 10 (0 


16, select the comrectaneer from the following 
tis 


356 _Hlectraland Eleconicringples nd Technology 


6. 
1. 


G2) 813EW (COW (9 973% 
(80 (03 (1 4x00 

(@) 13RW —(h) 98.40% G) 100KW 
G) 928% (k) GOW!) 1013KW 
2) 95.38% (9) SOOW. 


‘The toa ful fosses 


‘The fullsoad output power at OXpower 
factor 


‘The ful Joadinpu power at OX power factor 
‘The full oad ficiency at 0. power factor 
“Te half ula copper loss 


‘The transformer efceney at half Fall oad, 
8 power factor 


“Tae numberof secondary winding tums 


‘Which ofthe fllowing statements is fase? 

(a) Inn idea wapsormes the vols prt 
sae constant fora piven value of primary 
sotage 

(©) Ina single-phase uansformer, the by 
terns last peoportional a frequency 

(e) A tnsfonner whose secondary cute 

‘rete than the primary catent 

step-up ranaformer' 

(2) In tansformers, dy cument loss is 
reduced by laminating the eae 


1 


‘An ideal transformer has a tums ratio of 

ES and is supplied at 200V when the pi 

‘mary cureat 3 A. Which ofthe following 

‘aeons i fie? 

(4) Theturns tio indicatesa step-up wans 
foxmer 

{(b) The secondary voltage is 40V 

(6) Theseconduy curent is 18 

{) The anaoemer ating is O6KVA, 

(6) Theseconday yolage is kV. 

[1 Thesecondary currents 064 


loon Losses in a wansfomer ate due to 

(a) eddy cutens ony 

() ux leakage 

(6) both ey cument and hysteresis loses 

{d) the resistance of the primary and sec- 
ondary windings 


‘Aload isto be matched tan aplifrhaving 
an effective itera resistance of 102 via 
2 coupling transformer baving a turns aio 
(f 1:10. Te yale of the load vesstance for 
‘imum power transfer i 

( loon”) Ika 

(© Wooma (> Imo 


‘Tis sevision test covers the maeial contained in Chapers 201021. The marks foreach question are shown 


rach the end ofeach pestion 


1, Thee ideoial cos each of resistance 402 and 
Inductive reactance 3002 ae connected (i) insta, 
nu (i) in delat 2400 Vue phase supply Cale 
ulate foreach conseton (a) the ine and phase 
‘lags (b the pase and ne cstents, and (the 
‘otal power dsipte. (12) 


2, Twowattmeters reconnected to measure the int 
power to a balanced theese Lond by the wo- 
Aratmeter method. If the instrument readings ae 
SOKW and GLW, determine (a) the toal power 
apt, and (bse Toad power acto. 6 


3. An ideal wansfonner connected to 3 250V mains, 

‘supplies 228, 200W lap, Calculate the vans” 
former tune ratio and the cue take from the 
sup 6 
A 200KVA, S000V/320V, SO} single-phase 
transformer bas 120 secondary turns. Determine 
{althe primary ndsecondarycutents(b)the num 
br of peimary turns, the masini Value of 
‘tux, o 


s 


‘Deweine the percentage regulation of un SRVA, 
1O0V/200¥, singlepiuse tansformer whoa is 
seconfary terminal voltage is 194 V when loaded. 

oe 


A SOKVA rae transformer has ful-loseopper 
fogs of AW and an oa loss of 3EW. Determine 
‘he transformer ficiency (a at ful ad and 080 
powerfaty and (bat hal ful londand0.80 power 
ft, (10) 


‘Detenine the optimum valu of load resistance for 
‘makinum power vansfr ifthe load is connected 
oan ample of cuput resistance 2880 though 
4 tunsfnner wih ts ai 61 co) 


A single-phase auto trasfonmer has a voltage ato 
‘of 280200 and supplies a load of ISKVA at 
2OOV. Assuming an ideal wansforser, determine 
‘the current in each section of the winding. G3) 


"Ashe ed of hit chapter you shou be able to: 


Chapter 22 


D.C. machines 


istinguish between the function of a motor and generator 


“e) desesibe the ation of commutator 
describe the constretion of ad. machine 
‘+ dsingush between wave and lap windings 
+ 


understand aan reaction 


calculate generated ef. ia an armature Winding using E- 


‘understand shunt, series and compound windings of ds, machines 


Onze 


Aeseibe types of, generator and ter characteristics 


‘+ calcute penerued em. fora generate wsing 
_sate plea applications of de. generators 
‘std. chine lsses and skal effeiency 
caeulate back emf. fora de. motor using 


v=. 


+h 


Ie 


aula the torque of se motor using T= 1,2 aad T = pO21,/e 


‘sate peal pplicaions af de, mrs 
Aeseibe a de motor ster 

deseribe methods of speed contol af da mors 
listtypes of enclosure Forde. motors 


22.1. Introduction 


When the input to an lectial machine i eleetial 
new, (seen as applying a voltage to the electrical 
‘emninals ofthe machine), aad the ouput i mechan 
fea! eae (seen ab a rotting sha), the machine 
ie called an electic motor. Thus an electie mote 
‘converts let energy ito meshaaicleneay 


‘The pincpl of operation oF a musts explained ia 
‘Section £4, page 97. When the input t an elctical 
machine is whechanial energy, (480 a, Sy, a sel 


G 
describe types of de, motor and tei characteristics 
+ 


‘motor, coupled 10 the machine by a sat) and the 
‘output is leetrical ene. (cen aba oltageappeaing 
tthe cletical teminalsofhe machine), he machin 
‘alle generat. Ths, generator converts mechan 
fea enemy toclcrcal energy 

"The principe of operation ofa generator isexplained 
Jin Section 02, page 103, 


22. 


The 


jon of acommutator 


nan clecric mote conductors rotate in uniform mag- 
sic Hel, A single-Hoop conductor mounted betweon, 
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permanent magnets it shown in Fig. 2.1. voltage ix 
Spplied at pots A apd Bin Fig. 22 1a 


Figure 2241 


A fowe, Facts on the loop due the interaction 
ofthe magnetic eld ofthe penmaneat magaets and the 
‘maghetic ld ereated by te custeat owing i the op, 
“The fowce i propotional tthe ux density, B, theca 
ent oing. and th effective length the conductor, 
Iie. F= BIL The force is made up of to pans, one 
‘ting verically downvands duet the cure flowing 
{fog C to D and the other acting yetially upwas 
de to the eateat owing from E to F (fom Fl 
ings le-hand ele. 1th lop is fice wo ott. then 
‘when thas tated though 180" the conductors ae 
showa ia Fig. 22(b). For etation ro continue in the 
Same diection, iis access forth eusent Bow to 
{eas shown in Fig. 22116). ftom D 19 Cand fom 
F to E.This apparent reversal in the direction of eu 
‘ent lw i achieved by apres called commutation, 


‘With reference to Fig. 22.21, when diet voltage 
‘applied ut A and then a he singlet conduc 
‘wr rtaes, cue ow will always be avay fom the 
commutate for the pat ofthe conductor adjaceat to 
the N-pole and twats the conta forte part of 
‘heconduto adjacent tothe S-poe, Thus the forces at 
to give coniauos rotation in an anticlockwise dec 
tion The arrangement shown in Fig. 22.2) i called 
"1wo-segmen commuter and the vallae is appli 
‘oe roa opments by staionary brushes (asus 
‘boa oes), which slide onthe comanuttor terial, 
(asualy copper when sation aks place 

Tn peace, there are any coodacos othe rotating 
prof de. machi and these ae ached 19 many 
ommnulator segment schemas diagram of mul 
Semen omumuator i shown in Fig. 2226) 

Poor emnutation results a sparking atthe ualiag 
edge ofthe truss. Tis can be iaproved by using 
Interpotes(ituaed between each par of matin pales), 
high resistance Iwuses, o¢ using brushes spanning 
several eons seq, 


22.3 D.C. machi 


“The base pars of any de, machine ae shown in 
Fig. 22.3, nd comprise 


(2) stationary put aed the stator having. 
(G) soe ring called the yoke, 10 which are 
tached 
(i) the magpesic poles, round which ae the 
Gi) Hdd windings many ts of sconductor 
‘wound found the pole core: current pusing 
thyough this conductor creates an. elect 
‘magnet, (eather than the peemagent magnet 
shown in Figs 2.1 and 222, 


(0) rotting part cll the armature sounted in 
bearings housed inthe stator and having, 
9) alaminaedylinderofiton ostet aed the 
oreo which teh ar et to house the 


‘net 
w 3 ‘sng 
macy 
ross Pn eons 
i Sone i 


ry 
Figaro 222 
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(0) armature winding ie. single or mul-loop 
fenductoraystem, and 
(63) the commutator ce Section 222) 
Armature windings canbe divided ino wo groups, 

‘depending un how the wies are joined to the com 

tmujor. These ae called wave windings and lap 

windings 

(a), ln wave windings tere ae 18 paths in parallel 
ieapectve ofthe numer of poles, each path up 
plying tal the oa current cup. Wave wound 
[eneraoes produce high volige, low cutest 
‘outputs, 

(0) Intap windings there ae as any pats in parallel 
‘asthe machine has ples. The toa eure output 
‘ives equally between them. Lap wound gner- 
oes rode high cues, low voliageoutpat. 


‘When the eld winding of de. machine i connected 
in parle withthe amature, ax shown i Fig. 22a, 
‘he nachine side shunt wound heed wind 
ingisconnectod in seves with the armature ay shown ia 
Fig 224) then he machine ssid beseries wound 
‘A-compound wound machine has a combination of 
‘esi and shunt windings, 

Depeing oa whether the elecial machin i sties 
‘wound, shunt Wound or compound wound, it behaves 
Aiferenty when a lad is applied. The behaviour of 
‘de. machine under various conditions is shown. by 
means of grap, called characteristic cure ot just, 
‘characterises. The characteristics showa inthe fl- 
lowing sections are theoretical, since they aglet the 
fects of armature ection. 

“Armature reat isthe effect thatthe magnetic 
fold produced hy the anatue curt has onthe 


als 
Fatt 
= ds ra af oe 


(a) Shao mace 


(0) Somes wound rachne 


‘magaetic Weld produced by the Held system, In a 
‘overt, mate eacton fsuts in areduced output 
‘voltage, and i a motor, armature eeaon esl ia 
Intesed pce 

“A way of vecomiag te effect of atnattereaeion 
‘sto Bt compensating Winding, located in slots ia the 
pole face 


22. 


f.generated 
winding 


Let 2=nurnbo of armature conductors, 
“@= useful ux per pole. a weber, 
p= numberof pals of poles 

and f= armatue speed ia seus 


‘The eau generated by the armature is equa 1 the 
emt. generated by coe ofthe pall pate Each co- 
‘dutorpases 2p poles por revolution and thaseus 2 
Webers uf mapietie Hux por revolution. Hence us cut 
‘by one conductor pr second = 2p Wh ad 30 the 
storage ea F geetated per conductors piven by 


E2pbn vos 
‘Weber per second 
umber of parallel path hough the 


‘ending between posive and aepaive 
brushes 


ince volt 
lt 


com 


“Tae numberof conductors in sets in each path = 2 /e 
‘The total ean, between 


(or a wave winding 


for a tap winding 


Inuses = (average es conduct auber 
‘fconductrs in series pe path) 
=2ponze 

te pemeratedemt B= 2% atts (1) 
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Since Z, p and ¢ ae constant fr a given machine, 
then Eocdn, However 2am is the angular velocity 
in ralians por second, hence the generated emt is 
‘propodinal to Ba 


Le generated eam ota e 


Problea 1. An &pole, wave-connectod anmature 
‘as 600 condactoes aa is diven at 625, Ie 
the ux per poles 20eW, determine the 
sonerated ean 


2 =600, €=2 (for a wave winding, p 
n= 625/60 ees and = 202010" We 
Generated ean. 


2nd 


e 


sooo 


Problum 2. A -pole generator has lap-wound 
mature wih 50 slots With 16 conductors pe lt. 
‘The useful ux per poe is 30mWh. Determine the 
speed at which the machine must be daven 
sonerte anes of HOV. 


££ =240V,6 =2 p for alap winding), 2-504 16 
0 aad © — 30310 Wh 
Generated ean. 


Reatranging gives speed, 
# 20 

Sia) 

Orevls o 600 renin 


Problem 3 An 8-pole,lap-wound armature as 
1200 conductors anda fax pe ple of 0.03 Wh. 
DDetemnine the ean, generated when runing at 
S00 evi, 


Generated cant, 
pa 2nin 
nbn 


PO rs ap- wound machine. 


Probie Detemie the generated emia 
Problem 3 fhe urnature is wave-wound. 


Generated emt. 


(since ¢=2 for wave-wound) 
poz = (4y(onz) 
(41300) foe Problem 3 


= 1200 vos 


Problem 5. A de. shunt-wound generator 

‘unig at constant sped Eenerses a vltage of 

130 at a certain vale of eld caren. Detesine 

the change inthe generated voltage when the Held 

arent ireduced by 20 percent, assuming the Hux 
proportional tothe Hold cee. 


‘The generated com F ofa generator is prportionlto 
‘Leis proportional, where she ux and n 
intheapecd of station, I fllowsthat E = k@n, where 
isa const 


Atspec my nd Mus Ey =A 90 


Atspeod ns aad fuss, = 42 
‘Th, by vision: 

Ey_howos _ dom 

Eo tows ~ Gore 
‘The intial conditions ate £; = 150V, =) and 


fam. When the fue i reduced by 20 percent, the 
‘ew value of fu sO 100 0.8 ofthe snitalvalue, Le 

0). Since the generator sunning canta, 
sped, a= m1 


thats, 


“Thus, a reduction of 20 per cea ia the value of the 
fluc reduces the generated voltagetn 120V at cnstant 
speed, 
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Problem 6. A de. generator running at 30s 
sonerates an en of 200V. Determine the 
petentage increase nthe Hux por poe soured to 
senerate 280V a 204005 


From equation (2), generated emf, Ex and since 
water Ean 


Lit £, = 200, 4, = 3020/5 
nd fax pr pole at his sped bey 
Lit Es = 280, a2 = 202005 


nd flux pr pole at his sped be 


A 
Since Eton EE 
200 
nee 0 
#130250) 
fiom whic, sanes 
BOD) 


S15) 


Hence the inrease in Hux per poe needs 1 be 875 
percent. 


[Now ty thefllowing exercise 
‘Exercise 131. Further problems on 
generatorem.. 
A 4pole, waye-conneced amature of ade: 
‘machine has 750 conductors and i deiven 
1 720revmin. If he useful fax per pole is 
1SmWb, determine the generated ean. 
(27001) 


AG pole generator bas ap-wound amatse 
‘with 4 lots with 20 conductors per sa. The 
flux er poleis25mWh Calculate thespoed at 
‘which the machine must be diver to generate 
snemf. of SOV. [1Seey/sor WO revi) 


‘A4-pole amature of adc. chine ha 1000, 
conductors and fix per pole of 20, 
Determine the emf. generated when un 
ring at OOrevinin when the amuse is 
{a} wase-woud (by lap-wound. 

{(a) 400 vols b) 200 ots} 


4. Ade. generator unning at 2See/s gnerates 
‘mest, of IS0V. Determine the percemage 
increase in the fx per pole equited to 
seneate NOV at 20/4, {sor 


22.6 D.C. generators 


DC, generators are lasted according tothe method 
of thet fld excitation. These groupings are 


(0) Separately-excited generators, whese the ld 
winding is connected ta x source of supply oer 
‘haa the anmatre of sown eachine 


i) Sebexcted generators, whore the el wind 
ing receives its supply from the amature of is 
‘un machiae. and which are sub-divided into 
(Gy shunt, () series, and (compound wound 
penertons 


22.7 ‘Types of d.c.generator and their 
characteristics 


{a} Separately-excited generator 
‘A typical separately excited generator crt is shown 
in ig. 225, 

‘Wena load is connected scross the srmatue tei 
‘als, oad eurent 1, will Now, The terminal voltage 
V wil al fom its open-ciceit em E duc 1 ayo 
drop caused by cutent flowing trough the armate 
resistance shown as Ry 


ie terminal voltage, V=E— 1s 


or neneratod emt, B=V 4k 8 
wera 
Ter ort 
. beet 
a 
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Probluon 7, Bete the ternal voltage ofa 
‘ssnerator which deylops an ean of 200 and 
hasan armature curtent of 30 onload. Assume 
the arate resistance 0.300. 


wi 


ference 1 Fig.225, terminal yolage, 
VaE-AR 

200 — 30)(030) 

= 200-9 =191 vols 


Problum & A generator is connected 10 6002 
load and acuten of $A ows Ifthe wate 
esstance i 1 determine (2) the terminal vllage, 
sd ©) the generated ex 


(0) Terminal votias 


(0), Generated eons. 


a 


V+ ull equation (3) 


Problean 9, A wepartly-excted generator 
develop a no-lod ea of 1S0V aan armature 
Speed of 20re/s anda Ha per poe of 010Wh. 
‘Detenine the generate est when (athe speed 
Increases 25ev/sand the ple fue remains 
‘unchanged, (the sped remains at 20re/s and he 
pole ux is decreased 10.08 Wb, and () the speed 
Increases 10 2ev/sand the poe fue i deceased 
wou Ws 


(0) rom Section 225, gncrated ean. oc e 


om 
Ne 


feom whic, Et 
B 


co 150 _ 040920) 


me 
150040125) 
Tama 
197.Svalts 


(450)0.08)20), 
D2) 
20 vot 


500.0724) 
oan, 
abyalts 


‘Hom Which ean. Be 


Characteristics 
‘The two priacpa generator characterises ae the gen 
crated voliagofeld current characterises, called the 
‘penrcreult characterise and the trial voltage! 
{oa amen character, called the load characterle- 
te. Atypical separtly-eccied generator openelreut 
characterise is shown in Fig, 22-6 ad atypical 
load characterite i shown in Fig, 2.6, 


Faeret Waar, 
aw ” 
Vigere226 


A separately exit generator is used only inspcial 
cases auch ar when a wide variation tena pi 
sequited, cv when eact coal of the Bld eueat 
ccs. Its disadvantage esi oguling & separate 
source of det eure, 


{(b) Shunt-wound generator 


1a shunt-wound generator the Held winding is con 
cced in parallel with the armature as shown in 
Fig. 227. The field winding has awately high exis- 
tance and therefor the current cari is nly a fraction 
othe armature cute 
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For the ctsuit stown in Fig. 227 


terminal yotage, V 


or generated eam, 


Iy=I41 fom Kirchho!t's cuneat lw, whore 
1.= armature came, 
oad current 


Problem 10, A duu generator supplies 20kW 
oad a 200 tough cables af sistance, 

100.42. the ll winding sistance, 
and the aatgeresistance Ky = 400, 
‘etermine (athe ennial voltage, and () the 
‘en notated the amature. 


(a) The cits ws shown in Fig. 2238 
20000 wats 
DOvole 


ol dro in the cables tothe load 
iv. 
2004 10210 volts 


Lond cutent, 100A, 


(0) Armature cunentJ,= +1 


Hence I 


Generated em B= V +18, 
10-4 404.2)40 x 10-4) 


10+ 4.168 


14.17 yolts 


Characteristics 


‘The zenertod emt, E, is poporinal w ey, (se 
‘Section 225), ence at constant seed ine = 2 


£0, Alto the ux is propotonal to eld curent 
4, unl eget saturation uf the tog eet ofthe 
‘peverator occurs, Henee the ape cnc harris 
{sa shown in Fig. 22. 


Figure 229 


As the load curent on a generator having constant 
fol curtent and running a constant speed sneeass, 
the vali of wmtature current increases, ence the ar 
tute volt op, ZAR, increases. The generated voltage 
Eis lager than the terminal voltage V ad the vol 
aps equation fr the astute cuit is V= E — 1. 
Since & is constant, V decreases with increasing load, 
“The lod charscteriate i as sbown in Fig. 229(0. 
practic. the alin oltage is abou 10 percent between, 
‘oa! and fullload for tay de. shuse-wound 
sever 

‘The shunt- wound generator the type most used 
in practice, but the load eareat must be Lite to a 
‘al thats well below te maim valu, This then 
_voideacesivevaitonof the terminal vag. Typ 
‘al applictions re withbatery charging and mor ear 
overs 


{c)Series-wound generator 


Inthe series wound generator the eld wining com 
‘sce ineron with he moat showin Fi, 2.10 


—) fT 
OF 


la, 


A aang 


gure 2230 
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Characteristics 
‘The load charts isthe temuialvolagecurent 
sluractrsie. The generated ean. & is propetioaal 
1 uy and at eonstant speed a(=2en) sha constant 
‘Thus E is proportional 10. For values of eutoat 
‘slow magnetic xturation ofthe ye, poles, ai gaps 
and armature core, the flux ® is propetonal to the 
‘uton, hence Foc For values cute above those 
‘equired for magoetc saturation, the generated esa. is 
pucaimately constant The values of field resistance 
fib armature resistance io a series wound machine ae 


Small. hence the minal voltage V is very scaly equ 
10, Atypical load characteristic for serie generator 
ieshown in Fig. 2211 


Tomi 
va 
v 


‘ia series-wound generator, the eld winding i in 
series withthe arate and ts ot posible to have 
4 value of Held cument when the tinal ae open 
‘Steuitedshusit i norpossibiewoobin an ypeacatuit 
‘acterte, 

‘Series wound generators ae rarely wed in practise, 
‘rutcan be used asa “boston de tans ines 


(4) Compound-wound generator 


Ine compound wound generator two methods con 
section aft used, ot having 4 mixture of shunt and 
Series windings. desigoed wo eombine the advantages 
‘each, Figure 222) shows what is enned 3 lang 
‘dont compound generat and Fig. 22.1208 shows 


Sores 
a " 

hs f 
i ree) v| als 
‘odes lang 

a io 


Figure 22 


short shunt compound generator The laters the most, 
setealywsed form of de, generat 


Problem 11. A shor-shunt compound generator 
supplies 80 a 200V. the ld esistance 

‘Ry = 400. the series resistance, Rye = 0.0222 and 
the amature resistance, R, = 0.048, determine the 
fem. generated. 


“Te circuits shown in Fig. 
‘Val drop in series winding 


Figure2248 


Armature cuent, f, = 14+, =80-+5.04 = 85.04 


Generated em, B= Vit 18s 
= 2016-4 (85.08,008) 
201.6-4 34016 
205 volts 


Characteristics 


1 cumulaive-compound machine the magnetic ux 
peoduced by the serosa shunt fields ae adv 
Ticluded in this eroup we overcompounded, level. 
compounded nd under-compounded machines the 
degree of compounding obtained depending oa the 
‘umber of tur of wite onthe sein winding, 

‘lage abe of serie winding tims revuts in an 
over compourded character, ar shawn Fig. 2.14, 
in which the flood tennnal voltage exceeds the 
fo-oad volage A levelcompound chine gives a 
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full-oad terminal voltage which sequal tthe nolo 
oe, as shown ia Fig. 221, 


‘ont ear 


An unde-compoundd machine gives fl oad 
sina voltage which is ss than the no-load voltage, ax 
Showin Fig. 2.14. However ven thisater character. 
incisal beter han tat fora shunt generator ane 
‘Compound-wound generators ate used in electic ae 
welding. wi ighting ets and with matin equipment 


[Now ty the fllowing exercise 


Exercise 132 Further problems on the 
de.generator 

1, Determine the terminal oltage ofa genertoe 

which develops an ez of 0V and has an 

‘umatue current of $0 on oad, Assume the 

amature resistance ic m2, (23H) 


A generators connected ty a 902 Joa an 
tutentaf 104 flows ithe annaute resistance 
150.50, deternine (a) the ternal olage and 
(he generated emt. 

(a) $00 vets) S08 vols} 


A. A separately ewited generate develops a 
load emf of 140 at an armature speed 
ff 1Stevs and a flux per pole of .20.Ws 
(Calculate the geersed en when: 

(a) the spo inreases 19 20se/s and the Hux 
per pole remains unchanged 

(the spe remains a 1ev/cand the pole 
fs ie desteaed 1 0.125 

(e) the speed sereases 0 25 revs andthe pole 
fu ie desteased 1 0 1NWh, 
Ta) 240 volts (b) 112 Syols(e)270vol) 


4, A shunt generator supplies a SORW load at 
A0OV thoupheabes of resistance 0.20 Ifthe 


ald Winding resistance i $09 and the an 
tage resistance is 0.05, determine (a the er 
‘minal voltage, (b) the em. generated inthe 
frmature. (a) 425vols(b) 431.680] 


5. A shor-shust compound generator supplies 
SOA at 300V. Ifthe fed resistance is 302, 
the series resitance 0030 and the ans 
ture resiance O.0SA, determine the em 
seneated. 304.5 vels) 


6 Ade, generator has a generated et, of 
210 when runing at 70,e\/nin and the ax 
pe poles 120mWh Determine the geneatd 
emt. 

(4) a1 10S0rev nin. suing the hs remains 
(©) ifthe tx reduced by one-sih at com 
stan sped, and 
() ata seed of 115Srevinin and a ux of 
12h 
{ta) 318 V(b) 178 (6) 3812) 

7. A2SMV de. shunt-wound genertor fas 20 
‘mature residance of 0.10, Determine the 
seuerted em. whea the generat is suppl 
Ing SOLW,neplesting the Held cuneat ofthe 
ener [270V) 


D.C, machine losses 


Asstated in Seetion 22.1. a generators machine for 
‘omveting mechanical energy intoletricl energy and 
motor isamachine for converting lectrialener ito 
‘mechanical energy. When such coaversions ake plac, 
‘cenain Jones occur which are disp i the foo, 
test, 

‘The piacipal losses of machines a: 


(0) Copper toss, due to PR beat losses ia the 
amature and eld windings 


i) ru (a coe) tons, de o hysteresis ad ey 
‘tient loses inthe armature. This los can be 
‘duced by constructing the amature of icon 
‘tcl laminations avi abigh sista ow 
Iiystereai lose. At constant speed, he ir oars 
sssued constant. 


(li) Friction and windage Hoses, de co bearing 
fd bruh contac cto und Tones du wal 
‘esse against moving ps called windage) 
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Atconstan speed, these losses ae assumed tobe 


(iv) Brush contact loss tetwen the beuses and 
commutatoe. This Hoss i approximately peopor 
‘onal tthe load cura. 


‘The ttl loses of « chine can be quite significant 
and operating efcicaces of beeweon 80 per cent and 
90 per cent are coanson 


22.9 Efficiency of ad.c. generator 


‘Theeticiay ofan electrical machines thera ofthe 
‘utpa power tothe inpaper ands usualy expressed 
2354 percentage. The Crook letter,“ (eta) is used 
Sguifyeiiency and since the units are, power/ power, 
‘hen efieacy has no wits Ths 


(ee=) #1005 


sticlene, 


Ir the total esse ofthe amature cuit Gncluding 
‘uch contact esistance) is thon thetatal lose the 
armature ceult s 38, 

the terminal voltages V andthe creat ia the shunt 
‘lui J then the las the shunt eres ZV 
IF the sum of the ion, ction and windage lowes ic 
CC shen the ttal loses i glven by: RL +1V-4C 
(EER 16 iia Fach oper os) 

Ie the ouput current is J, then the output power 
is VE. Tal input power=VI-+/2Re FV +c. 
Hence 


oF 


‘Te fleleney ofa generator Isa maximum en the 
Toad ie such that 


Ek, =Viee 


Le. when the variable ass =the enntant tose 


robles 12. A 1OEW hunt generator having an 
mature ici sistance of 752 aa eld 


‘esitance of 1259, generates tein voltage of 
250 at fl load, Determine the efiieny of the 
penetra fl oad, asuming the ion ition 
Suu Windage losses aroun to 600W. 


“Te circuits hown in Fig. 22.15 


emo) Fy=125.0 Q 


us 0786 


‘Oupur power = 10000W = V1 fom which loud eur 
sent = 10000/V = 10000/250= 40. 

Feld cant, = V/Ry = 280/125 =2A. 
Armature curient [y= fet! =2-+40= 2A 


> 1008 


vi 
VRE 
sive 


( 


0000 
Ta 


) 0% 


0.50 


[Now try the flowing exercise 


Exercise 133 A further problem on the 
eiciency of adc. generator 
1, A ISKOW shunt genorator having an armature 
‘lucitesistnce of 0.40 anda ld resistance 
‘oF 102, generates a terminal yolage of OV 
!ufulload, Determine the eficeney ofthe gea- 
‘ator fll oad, assuming the ion ection 
tnd windage loses amouat 1 kW. 
ea4s 
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22.10 D.C. motors 


‘The constuction of a de motor isthe same as a de 
generator. The only ferences that in a generate the 
lenerated em. is greater than the temniaal volags 
‘whereas ina totor he generated emus ss tan the 
terminal vag. 

D.C. mutors are efien used in power stations to 
‘dove emergency stand-by pump systems which come 
inte operation va potest eset equipment and plat 
Should the aosal supplies or pnp fal 


Backems 


When a. mor tsa ean nduod in the 
nature conductor By Lenz a his inde ah 
‘opposes the supply yolage Vand is called hack 
eon and he supply voltage Vs en by: 


VaEthe of E=V-LR 6) 


Problem 13. A de: motor operates rom a 240V 
supply. The armature resistance is 0.20. Determine 
the back ean, when the amature currents SOA. 


Fora motor V = +1 hence hack eam, 
re 


Vn 
= Mo~(0(02) 
=240—10=230s0lts 


Probie 14 The amature of ade, machine has 
resistance of 0.25 and is comnected 1 300 
Supply. Calle the can. generated when tis 
unig) a generator giving 100 and (b) as 
‘mowe aking 80. 


(a) Asa generator, renee ean, 


E=V+ hs, fom equation (3), 
300+ (100)(0.25) 
304.25 

= n5yolts 


(0) Ava motor, generated ean, fr back ean.) 


V— LR, om equation), 
0 — (80)10.25) 
2n0yolts 


[Now try the following exercise 


Exercise 134 Further prablemson 
backemf 


1. A de, motor operates fromm a 350 supply If 
the amature rexiance is 049 determine the 
hack ean. when the amature cute is 60, 

[26vel) 


2 Thearmanure ofa de machine has a esitance 
oF 052 and is connected 10 2 200V suppl 
Caleaatthee.n generated whenitseunning 
(alasamotortakiag 0A, and (b)asagenerator 
siving 704. 

(ia) 175 ots (8) 235 els) 


3. Determine the generated emf. of a de. 
‘machine if the amature este i 0.12 and 
11 (a) i running as a motor connected to a 
230, supply the armature cures being 60, 
and (b) 6 running ak a generator with ate 
‘nial voltage of 230V, the amature cueat 
bing 80. 11a) 224 (0) 238) 


22.11 


Torque of ad.c. motor 


‘run equation (5) fade. ete, the supply veltage 
Visgivenby 


a 
-Muipying ea enn by cute J ves 


Vis = ER 


the total letreal power supplied 
to the armature, the tm FR, is the loss de to 
lrmature resistance, andthe tr EL, isthe mecha 
Teal power developed by the armature. IFT i the 
torgue in newton metres, then the mechanical power 
developed is given by Tes watts (see ‘Selene for 
Enginering') 


Hence To=2an? = Ely 


‘hom whic, 


BL, 
Fe newton metres (6) 


torque 7 = Be 
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‘From Section 22.5, equation (1) the em. E generated 
isgiven by 
Paes 
Hence ant =t1,= (#2) 
ca) 
Hencerwrye T= Ly, 
OZ, 
ie POT newton metres tu) 


Fara given machine, Zand pa fned values 


Hence torque, Te “ 
Problem 1 An fpole de motor has 
‘wave-wound armature with 000 conductors. The 
‘sul ux er poe is 25mWb, Determine the 
torque exerted when acute of 304 flows in each 
mature conductor 


4,6=2 fora wae winding, 
8 =2510-*Wh, 20D and f,=30, 
rom equation (7 


po2t, 
(2510-00080), 
—a 
=429,1Nm 


torque, T= 


Probes 16, Determine the tongue developed by 
1350 de motor having an amature resistance of 
(0530 and runing at Srv The asnaturecurent 
sea. 


V=350V, &, 
Backemt £ 
rom equation 


059, n 


Problem 17. A si-pole lap-vound motor is 
‘connected toa 250 he. supply. The armature as 
‘0d conductors an a resistance of 0, Te Mux per 


poles 20m Wh, Cael (4 the speed ad () the 
tongue developed when the amature cute 0A, 


a=10, & 


0410-5Wa, 


(2) Backeme E 


210V 
mf. £: 
se tu = 2020100500) _ 
ere cam 
aun, 21 x 60 
Hence speed n = 12 = 2hreisor 21x 60) 
1260 rev 
210,40) 


wy 


63.66Nmn 


=a 


Problem 18. "The shaft ore of diesel motor 
dkving1OOV de shunt-wound generate is 
25Nn. The armature cureat ofthe generator it 
1A at his value of org. Ihe shunt eld 
regulator is adjusted so atthe ux ied by 
15 per ant, the toque increases 35a 
Determine the anmatute cuenta this ew value of 


tone. 


om equation (8, the shaft wryue T of a genera 
tor is proportional to 7, where @ isthe Mux and 
1 isthe amature cunent, 7 = 101, where Lisa 
‘The true a fax, apd armature cure y 6 Ty = 


14, Sal, Ty = hag 
1a 
Aydivsion B= SS 
te 
Hoot “ORO Te 


‘That is the armature current atthe new value of 
torque 626384, 
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Probl 19, A 10DV de. generator supplies 
‘urea of 1 A when runing at 1500revin. the 
forge on the shat driving the generator is 12m, 
etamine (athe efiency ofthe generator and 

{the power loin the generator 


(a) From Section 22.9 te cfficieny ofa generat 
‘output power inpat power Ol percent, The out 
at power is the electrical out, Le. VI wats 
"The ln pert a genetator ithe mechanic 
power i the shaft diving the generator, be. Ts) 
‘oe Fn) walls, where Tis the tongue in Non 
tnd ic sped of sation in revs Hence, for 


Benenatoe 
uw 
eteieney. = pV 100% 
"= Tom 
(00)15),100) 


“ 


cm 


Le eeney =79.6% 
(©) Theinput power = ouput power + losses 


Hence, Tan) =VI+ loses 


te loser = TOnn) — VE 


ea) 


— 4009015) 


{power ass = 1885 — 1500 = 385 W 
[Now ty the following exerlse 


Brercise 135 Further problems an losses, 
‘etficency, and torque 


1, The shaft tongue sequred to dive a de 
soverator is 1K 7No when iti running at 
12S0revfnin. I is eliceney i887 por cent 
under these conditions andthe amatse csteat 
8173, dtermine he voltage athe terials 
ofthe generator [sv 


‘A. 220V, de generator supplis a toad of 
375A anal uns at 1580se¥hmin. Determine 
te shaft weque of the diesel motor diving 


the generator 
Ts percent 


the goncrator ficiency ie 
[6528 


3. A dpolede. motor has a wave-wound arma 
ture with 80 conductors. The waeful fx pe 
pole is 20mWh, Calculate the torque exerted 
‘when a cunt of 40 flows in each armature 
conduc [2070] 


4. Caleta the tongue developed by a 240V de. 
motor whose amature current is 0A, amuture 
resistance i 682 andi running at LOres 

[167 Ne} 


5. An pole lp-wound de. motor has 2 200. 
Supply The annaure as 800 conducts and 
‘residance of O42. If the useful ux per 
pole is mW and the annatre current is 
DA. cleat (a) the speed and (h) the oxque 
Aevelope 

[(a) 5 Stevis or 3904 (152.88) 

6, ALSOVAde senerstorsupplisacuren 025A. 
‘when using a 1200,eV/nn Ihe toe oa 
the shaft diving he generators 35 AN deer- 
mine (a the efficiency of the generat and 
(the power iss inthe generate 

Tia) 83.4 per cea) 748.8) 


22.12 Types of d.c. motor and their 
characteristics 


{a} Shunt-wound motor 


Inthe shut-wound motor the Sel winding i inp 
allel withthe annatre acrosthe supply a8 shown in 
ig 2216, 


tm 


amature 
al ||votscoe 
Pe 
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arte citeuit shown in Fig. 22.16, 
Supply voltage, V=E+ I, 
wr punerated en, B=V—DyRy 


ply current, =, 4, 


from Kiehl's cuenta 


Problumt 20, A 240V shunt motor takes atta 
urea of 30. Ithefeld winding sistance 
‘Re = 150 and the amatue resisunce Ry = 042 
etemine (a) the erent ia the armatue, ad 
(ihe back em 


7 
(a), etd curent = 


Supply cument =o, 
Hlnee armature eae, J 


©) Backem, 
hdty=40~ (28.404 


228.64 volts 


Characteristics 


‘The wo principal characteristics are the torque) 
armature cute ad specd/armature cute selation- 


‘Ships From hese the torqu/sped eaionshipcan be 
derive, 


6) The theories tonue/amanre curent chat 
seteitie can be devved fiom the expesion 
Text, (50 Seton 2.11) Fora shunt-wound 
‘motor, the fold winding is conacted in paral 
{et with the amare cui and thus the applied 
voltage gives constant eld estat. Lea shunt- 
Wound motor iss constant fax machine. Since 
i consan, i fllows that Toy, atthe 
‘haracteristc ia sown in Fig. 2217 


Tom] 


Pigere 2217 


The simuture cet ofa de, motor has eis 
tance due the armature winding aad bushes, 
‘hs, and when amature eaten J lowing 
tivoughit theresa vollage depot 1, vols Ia 
Fig 2-16 dhe amature resistance is shown as 
spare resistor in the anna cteit help 
lundestanding- Alo, even though the machine 
Is amotor, because conduiors ae otis i 
magnetic eld, a vote, Ec x, generated 
bythe annaure conducts, From equation (), 


V=EtLR, of £=V 1, However, from 
Soution 25, Bcc, honce cc /@ be 
speed of eotation, wx ge ERE yy 


For shunt mor, V6 apd Ry are constants, 
hence as armature current fy inseses, iy 
Increases and V— 2, decreases and the speed 
1s peoporional wa quanty which s decreasing 
as as showe in Fig. 22.18 As the load oa 
the sat af the metor increases, inreses and 
the speed drops sig. In practice, the speed 
falls by bout 10 pee eet between no-Hoa and 
full-oadon many de stunt-wound motes. ue 
to this wlavely small drop in speed, the da 
shunt-wound motor is taken ax basically being 
1 constanspeed machine and may be used for 
‘ving lates, ios of sats. fas conveyor bets, 
mp, compresor, drilling machines and soo 


Spee 


igure 22.08 


Since torque 8 proportional to armature cut: 
rent, (ee (above. the theoretical speedioague 
‘ascetic ia shown in Fi, 22.19 


rr 
igure 2.19 
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Probl 21, A 2007. de. shunt-wound motor 
hasan armature resistance of 4 and at a ena 
‘ead as amare crentof 30 and rns at 
1380rev/in. the load onthe shaft ofthe motor ie 
{nreased 0 thatthe armature cent increases 10 
ASA. determine the speed ofthe motor. suming 
the fx ceitins constant. 


‘The retionship Eon applies tooth psneraors and 
rotors Fora motor, E= V ~ a (ee equation ()) 


Hence bes 


200-30 0.4 


sod ra 


200-45 x0 = 182 


‘The elationship 


Aim 
Boo 
applies to both generates and motors. ince he Hx is 
natant, 1 = 0. Hence 
1350 
m_2*(r) 
1 ame 


S102 
3 a 


21. 7bevls 


‘Thus the speed of the motor when the armature 
‘current SA 21.78 60:04 nine UT rein 


Problem 22. A 220, de. shunt-wound motor 
‘uns at $00 andthe amature erent 
430A. The armature circuit resistance i 040. 
Detenine (2 the magn Ylue of amature 
‘utente Hus i suddenly odced by 10, 

{et cea and(b) the steady-state value a the 
rmamure cuenta the new value of fu, assuming 
the haf onque ofthe mar remains constant. 


(a) Fora de. shunt-wound motor, B= V— Re 
Hence iil generated exm. £, =220= 30> 
O4=208V. The generated Canis also such 
that cn, aoa he inant he flux ried, 
the speed ‘has not had tine to change, and 
F-=20890/100~1872V. Hence the vot- 


age drop. duc 9 the ‘umatue resistance is 
220-1872 Le, 32.4V. The lnstantancous value 
of the current = 328/04 =8EA. This increase 


in curtent i shou thie tne the iii value 
and causes an incteawe in tomjus, (7 c251,) 
‘The mor accelerates because of the laser 
torque value uno steady-state conditions ae 
tached 


(0) Toc, and. snge the tongue is constant. 
els. The Hux & is duced by U0 per cea, 
tence ©; =0904, Ths, 4 «300.98 fg 
ete stady-sate yale oF armature cutest, 

430/09 = 38.384. 


le 


(b) Series-wound motor 


In the seres-wound mot the feld wining isin 
series withthe amaatute across the supply a shown in 
ig. 2220, 


ole 
oe le 
"| Pi Saincing 
| || rar 
# 


Farthe sei motor shown a Fig. 22: 


Supply voltage V=#+-10R, +p) 
or generated emu. E=V—1R,+R,) 


Characteristics 


In seties motor the sate curen ows inthe ek 
‘Wing and sual othe supply cust 


(©) The torquelcurrent characteristic 
Isis ahown in Seton 22.11 that org Tod, 
Since the amature and eKdcuents ar the ane 
‘utenti aseres machine, then T xf over 
limited ange, before magnetic saturation ofthe 
Iagaetic cit of the motor ieeache, (Le. the 
Tinesr portion of the B-H curve forthe yok, 
poles, ir gap. brushes and armature in ste. 
‘Thue oc! and Text? After magnetic stra 
sion, almost becomes a constant and Tac 
‘Thus the theoveeal toquchuten hares 
ivas shown in Fig. 2221 
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oO 


i 


Tope 
7 cineré7 
Figure 2221 


‘The speed/eurret characteristic 
Misshown in uation () that 


Vane 


ax tol 


Ina series motor, =1 and below the magnetic 
saturation level, eel. Thus mcc(V 18/1 
whee isthe combined resistance of the series 
Helland ansatute ict. Since Zs wal eo 
fated with V, then an approximate relationship 
othespeodin x V/1ac1/Tsince Viscous. 
‘Henge the theoretical spedcurtent characters 
‘ics a6 shown in Fig. 22-22 The high speed at 
‘all values of cute indicate that his type a 
‘motor must othe run on very Light leas and 
‘nvanahly, such motos ae pemsancly eoupled 
sorter loads, 


se 


an 


Figere 22 


‘The theostical speed/torque characteristic 
snay be derived fiom (i) and (i) above by 
‘obtaining the tongue and sped fo vious val: 
tex of current and plating the co-ondiates on 
the spoedongue characterises. A typical poe) 
torque characteristics shown in Fig. 2223, 
‘Ade. seriesmotrtakesalagecurtenion starting 
a he characteristic shown in Fig. 22.21 shows 
thatthe sries-wound motor has large worque 
‘when the eunent is lange Hence these motors ae 
se for action (such 36 tans, mk delivery 
obiles, ee), diving fas and foe cts ad 
‘ist wet age iiial org i equed, 


7 ToaeT 
igure 22.28 


Pro 23. A series motor a anmaure 
resance of 0.20 an ste el esiance of 
0302 Wisconned 4 240V supply na 
partly wie ving ISA 
{rm the sup Demin he gered can 
hs a) Clalit the ped the toe 
‘en the aa! changed such at he een 
Ineesed 030A, Asse tat this cases a 
dbing he 


(2) Wat eerence w Fig 22.20, generated ea. 
iia Toads gven by 


B 


VAR Re) 
240 (1502-403) 
= M0-75=20254at 


(@) When he cures is increased to 30, the gener 
tod emis given by: 


= V— BIR +R) 
=240— 3002-403) 


240-15. 


225v0ls 


Now em, Eectn thus 


Bom 
Eo tm 
ia 2S _ 10) 
TES ~ bier 


‘As the cuentas been increased fram 5A, 
130A the spocd has deeseased from Mires 
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to L.6rev/s. Its spoolfeurent characteristic is 


aula 


(6) Compound-wound motor 


‘There ate Wotypes of compound-wound motor: 

6) Cumulativecompound in which hoses ind 
ing iss connected tht the eld due wo i sists 
‘tha duet the shu winding, 


(6) itferenta compound in which ho seis wind 
ing i connected thatthe eld de oir opposes 
‘thar duet the shu winding 


rm ® 
igure 2224 


Characteristics 
‘A compound-wound motor bas both a series and a 
St Held winding (.e one winding in seis and one 
in parle wih the anna, and is usually wou 
have characteris similar shape toa series wound, 
moto (see Figs 2221-2223), A limited amsoust of 
Shun winding is presear co eset the no-load speed 
Se value However, by varyiag the number a as 
‘onthe series ad shunt windings and the dwtions 
Df the magnetic tlds produced by these windings 
{assisting or opposing) fais of characteris ay 
be obtained to suit almost ll applications. General, 
‘omapound-wound motors are used fr heavy duties, 
prculaly in applications where sudden bewy load 
‘nay ecur such 36 for ding plunges pumps press, 
eared is, conveyors, hoists an 50 
“Typical compound ator orga an sped character 

inirare showin Fig, 22.5, 


22.13 Theefficiency of ad.c. motor 


was stein Section 22.9, that he eficency of ade 
mache is given by 


tpt power 


put MONEE Long 
Tapa power 


ciency. 9 


age 
of 
gure 2235 


‘Aso, the taal losses = /2Ru-+ AV +C (fora shunt 
‘motor whee Cie the sts of the ir, fiction and 
‘inde loses 

Fora oto, 


‘he input power= VI 


sd asoopepoee vila 
pee 
MER, -1V-C 
(Catt) ame 
onside id 


RReanwse 


Problem 24. A 320V shun motor takes total 
ont of EA and run at 1000e/ei. the on, 
{ction and windage losses amount to 1 SkW, the 
shat ld resistance i 409 and the armature 
resistance {80.22 detemine the orl ficiency 
ofthe moter. 


“The circuit ie shown in Fig 


2%, 


‘eld earen, = V/R, =320/4 
Amature current J, =~ f-=80— 
C= ron, rction und windsge owe 

1-808 4 
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fice, 


) «108 


y= (Cotes 


(20) 80) — 9302) 
si (3201— 1800" 


G20 50) sess 


Problem 25. A 250V series motor draws a 
curtent of 40 A The amatte resistance is 0.1522 
fn the ld resistance is 0.082, Determine the 
‘maximum ficiency ofthe moter, 


“The circuit ea shown in Fig 
rom equation 10) efficiency, 


M-ER—4v—c 
w 


)* 100% 


Figaro 2227 


Hover fora sri motor, fy =O and the 12, loss 


needs to be FR, +R). Hence ecenc, 


(faeces 


1-0) sa 


For maxinurnefficoney FR, + Ri 
ene. 


tena ete 


fee 


250)(80) — 2402 a iis 


( 
(ma 
(Fim 
(ras 


10000 — 640 


Problem 26. A 200V de, mor develop a shaft 
torque of 15 Nena 1200 rein Ifthe efficiency is 
80 percent, dete the current supplied tothe 


utp power 


The efiieny of motor 1008, 


Tapa power 


‘The output power of a motor isthe power available 
do wodk ats shatand is given by Taor Tn) was, 
‘where sthetorueiaNnanda sthe speed ovation 
{revs The input power ‘she elects powerin wats 
spied tothe mote, Le. VF watts 

‘Thu for amon, 


Team) 


oe) 


‘Thus the cure supplied, 


(1592#)20)(100) 
aa 


15a, 


Problem 27. A de. series motor des load at 
30‘ev/sand takes acute of 10 when the supply 
‘olage ic 4001 the ttl resistance of the motor 
2 andthe in tion and Windage Losses. 
smouat to 300W, determine the efcieney ofthe 
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Eficieny, 


y= (EE 


400,10) — U0 
OTTO, 


(em 


) <0 


=) 00 


amr) 108 


100% = 9.5% 


[Now ty the fllowing exercise 


Exercise 136 Further problemson 
e-motors 


1. AMO shunt motor takes toa cunt of 
OA. If he Hold winding resistance ts 1202 
nthe armature eesistaecis 0.42, determine 
(a) the curent ia the armature, and) the 
back ean. Tia) 78A 0b) 2068) 


Ade. motor has sped of 900ev/nin when 
connected 104460 V supply. Ftd the prox 
imate valu of the sea a the motor When 
connected 04200 V ppl assuming the fx 
decreases by 30 por cem and neglecting the 
armature volt dep. [Ss revi) 


3, Aseries motor having a Sros ld eesistance 
0f0.25Qsndanamaturesesistanceof0.15, 
Fsconnected 101 220Vaupply and ata pac. 
‘lar Lal ns at 20reys when dang 20 
{torn the supply, Calculate the eau, gener 
ste at his lad. Determine ls the spoed of 
the motor whe the load i changed such tha 
the current increases to 28 Assume the fax 
increases by 25 perce, 

[212V. 55s) 


4. A-S0OV shunt motor takes atta curentof 
100A and uns a 1200. I the shunt 
field resistances $00, thearmatue existance 
[5 0280 and the io, fection and windage 
losses amount 24W,detenine the overall, 
ellen af the mine [81.8 per cent] 


5. A280Y, series wound motor is running at 
‘SOQevjin and te safe tongue ie 130Nan. 


Wis efiieny t hisoa i 8 per cet, find 
‘the current taken fom the sup 
otal 


6. Inatestonade-moto.the following dat was 
‘obtained. Supply voltage: SODV. caret ake 
foom the supply: 42.4 speed: kS0eevinin, 
shaft toque: 187Nm. Determine the ff. 
ieney ofthe motor covet to the nearest OS 
pe ea, [85 pe ent) 

7. A HOO series motor daw a cure of 504, 
‘The field sesitance i402 andthe armature 
resistance is 0292, Detemine the maximum 
ficiency ofthe motor (92 pe cent) 


A.A series motor dives ala at 1500 renin 
fan takes a cuentof 20A when the sp- 
Ply vollge s 250. If he ttl resistance of 
the moto is 1-52 an the toa ection an 
Wwindge losses amount to 400W, dternine 
the fiiency ofthe ator. (80 per cent] 


9. A series-wound motor i connected to a de, 
Supply at develops fll-oad argu when the 
fusient i 30A and sped i 10009 IF 
the fluc per poe i proportional tothe ur 
‘et lowing ind the eurreat and peo at alt 
falltoad toque, when connected tthe sane 
supply. [IZA MtSsevfaia] 


Ifa de. motor whose amature it tations is itched 
icy 1 its supply voltages likely that the Tass 
‘rveeting the motor will bun ot. Tiss because the 
mature eitance is mall fequetly being less than 
‘ne ohm. Thus, aliitional esistance must beaded 
the armature circuit atthe instant of closing the witch 
tostar the moto. 

‘As the speed of the totoe increases, the amare 
conductors ine cutting Mux anda generated volage, st 
ing in opposition to the applied vole. i produced, 
‘which Limits the flow of armature cumen, Thus the 
‘ale ofthe ational amature resistance can then be 
reduced 

‘When t oral running speed the generated em 
iach th no addtional resistance i required inthe 
armature cic, To achieve this varying resistance in 
‘he amature circuit om starting, 4 e- torsaster i 
‘wed a5 show in Fig. 2228, 
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Figure 2228 


‘The stating handle is moved slowly in clockwise 
ecco stat the moor Foe 4 shunt-wound mo, 
te Held winding is connected Yo std 1 ¢ 10 Lia 
sting contact onthe starting handle, to give makina 
Toit ewes, heace maximum fx, hence masini 
tocqueon string. sine cf, Asnilararangeret 
‘without the ld connection fe Wed for series nor. 


32.15 Speed control of dic. motors: 


‘Shunt-wound motors 


‘The speed of shune- wound de. mote, 
sional to 


propor 


Ve 
e 


(ce equation (9)-The speed is vari etherby varying 
the valu of fax. or by varying the Value of Ry. The 
{ome is achiev by using a variable rexistor in series 
‘withthe ld winding. as showa in Fig. 2224) and 
‘ch resis called the shunt Bld regulator. 


Figure 2229 


Aste al oftesiance of theshunt Heldegulatoci 
increased, the yaluc of the eld current, isderesed. 


‘This results ina decrease ia the valu of Hux, and 
hence an inrease inthe sped, sincene1/@. Thus aly 
speeds abuve that ven Withoutashuat eld eguatoe 
cm be obtained by this method. Speeds bel thse 
sven by 


Vane, 
e 


scobuined by ineeasng the resistance inthe armature 
‘seul at shown ia Fig. 2224), where 


Vato) 
of SEB 
Since esistoe Wisin seis with the aman i caries 
‘hell annature current and results inalarge power ox 
{inlarge mors where a considerable peed reaction is 
it for ong periods, 

“These methods of speed comuol are demonstrated in 
‘he following warked problem. 


Problem 28. A SOOV shunt motor runs at is 
‘mal sped of 10reys when the armature current 
{120A The armature sistance 6 0.20 

(@) Determine the sped when the currents 60 
sau resistunce of 050i connected in series with 
‘he armature. the shunt Held remaining constant 
() Determine the peed when the cutet i A 
sau the shunt Hold seduce wo M0 pr cent ofits 
‘oemal value by increasing tesitance in the eld 


(2) Wath eeerence to Fig, 22.200), hack emt at 
120A, £y = V — HR, =500—(1200.2) 
50024 = a76vats, 
When 4, =60A, 


y= 500 (60/02 +05), 


00 (60)0.7) 


= 50042 = 4580s 


om 
Now Bans 
476 _ sua 
TO 
from ih, 
spon ng = 10858) 
ped n= HOS 
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(0) Back em when fy =60A, 


B= 50 (6002) 


‘The speed conto of series wound motes is achieved 
sag either (a) eld esistance, oe (b) arate resis 
tance technique, 


(a) Thespeed ofa dseros- wound motors given by 


vt) 
G 

tee tc, te la age 
wi assay tileestrarreeae 
‘cis tigan'S ase teuton 
terns et soared 
2 ng ane a er 
tometer en er eft ane 
NGnatdopes ts ragectecaes 
gitar kent ciatenmcnane 
Serene Sse ne ee 


@ 


som i 
Series nound ote 


(Specie below normal are obtained by’ connecting 
‘alale revisor inserts withthe eld winding 
Sind arnarure cca, s shown in Fi. 22300, 
‘This effectively iacteases the Yalue af in the 
uation 


and tus reduces the speed, Since the alditonal 
texior eties the full supply came, lage 
power lot i atociated with large moony in 
‘whit a considerable speed vedution is requied 
For log pis. This method is demonstate in 
problem 30, 


nak 


(3 


Protea 29, On fulltoada 300 V serie motor 
takes 9A and rns at 1Seev/s, The amature 
resistance i 0.102 and the series winding resistance 
{Sm Detemine the sped when developing 
full ad ong but with 2 0.20 diverter in paral 
withheld Winding (Assume thatthe fu 
eoportionalto he eld curt.) 


AL30OVem, 


Fr=V-IR=V—1R+Re) 
= 300— 00.4 +008) 

00—(20)0.15) 

00 — 135 =286-Svats 


‘With the 0.29 diverter in pualel with Re (20 


ig 2.30), he equivalent essance 
0205) _ (02,05) 
tao ~ ONE 


By cunt division, eutea 


(ates) -0* 
a0 


“Tongue, Foc and for ful oad tongue 
ha) ba 

‘Since fx is proportional to current oJ and 
‘8240.8 fs then (0)(90) = (Za)(08 a) 


1 (i Fg. 22300) 


rom whieh, we 


ad 100624 
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Henceemms. Es 


V—fa1R,+ 8) 
300 —(100,62)(L1 +008) 
10 — (100 52)(018) 

300 — 14.087 =245.9v0le 


Now em, £ cn, fom which, 


By _ im __ tam 
Eo tae 


Olan 


008) 
TOTS 
285.0) 0015) 
eNOS 
16.742e0/6 


‘Thus the spec ofthe motor has increased How Sees 
i, 9c 0 16.7Ases (Le LOI Hef) by 
insening 4.20 diverter resistance in paral with he 
series wining. 


Problems 4), A series motor rans at 80a 
‘when the vliage is 400 Vand the cures 25 
‘The mate resistance i 040 and the series ld 
‘esisianue is 0.20. Detemine the resistance tbe 
‘nnected in series o reduce the speed 

{0 v/a withthe sae eure. 


‘Wat eference to Fig 22.3), at 80089, 


ems, Ey =V—HR, + Re) 
400 25y(04-+02) 
4002508) 


15 


385 vs 


‘Ar 600revinin, since the currents unchanged. the Bus 
isuachanse. 
‘Thue Bove or on and 


Hence 


85)(600) 


roa which, at 


28.75 voles 


sad B 
on 


VNR + Re +m) 
400 25004-4024) 


Hence 


Rearaging gives 
so 299.75 
= 


ta series esistane, A =A.45 0.6 Ls 


As 


oe 


foe whi! 
Rosas, 
‘Thu the addition ofa series resistance of 3.48.0 bas 
seduced the sped fe S00 revit 60018, 


[Now try the following exercise 


Exercise 137 Further problems on the 
speed contrel of dc. motors 


1. A3S0V shunt motor run at its nonal speed 
of [sey when the amature cute is 0A. 
‘The esistne ofthe armature is 0.30. 

(a) Fin the speed when the cuteat is 45 
and resistance of 0.49 is connected in 

Sis with the amature, the shunt eld 

‘eamining constant, 

Find the sped when the curnt is 48 

and the shunt eld is reduced to 75 por 

‘eat of its normal value by increasing 

Tesitance inthe Held iret 

Tea) LE3ee/5(b) 16670095) 


2A series motor rus t 900 ey when the 
‘oltage is 420 and the curent is DA. The 
‘nmature resistance 0-32 andthe series eld 
resistance 60.2. Calelate te resistance to 
be connected in seis to rue the spec to 
‘Tovevimin withthe same cureat. (232) 


3. A320V series motor takes HOA and rune at 
{80min t fl lad. The armatute es 
tnceis0.2tand theseres winding rvianee 
| 0.08. Assuming the fux i proportional 
to the fl cument, calculate the speed when 
developing fll oad voxque, but witha 0.152 
‘ives ipa with he ld winding. 

[1230evnin} 


22.16 Motor coolin: 


Motors afe often clawed according 10 the typeof 
enclosure used, the type depending onthe eondons 
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under which the motor is used and the degree of 
‘eallaon eguired 

‘The most commun type of protection isthe sere 
prutete type, whee ventilation achieved by Bing 
‘unioteenally. withthe openings tthe cada the moter 
fied with wie mes, 

‘Addrip-proofypesssinilar tothe sree prsectedype 
huthas cover over the screen to reve dips a wae 
ering the machine 

‘Aflame-proo types usually cooled hy thecondetion 
‘hea svough the motor easing 

Wi pipe-ventated type its piped inthe moto 
fiom dst fee tea, rn intesnally Sted fan ensures 
‘Metco af this ool i, 


Now try thefllowing exercises 


‘Exercise 138 Shortanswer questions 
fond.c.machines 


1, Acco converts mechanical energy ita 
leticalenetgy 
2. A... comers slectcal energy into 


‘mechanical energy 
3. What does ‘ommutation achive? 


4. Poor commutation may caus sputking. How 
can tit be improved? 


5, State any ve hase pars of ade machine 


6. State the 10 groups armature windings can 
te divided ita 


7 What ix armature vation? Hw can it be 


4. Them genemted in an armature winding 
fs given by E= 2p /e vols, State what 
DB Zand represent 


9, Ina series wound de, machine, the fed 
Winding isin... with he armature cicuit 


10, tnade, generator, the watonsip between 
the generated voltage, terminal voltage, cur- 
rent and armature resistance ie given by E = 


11. Ade. machine has its eld winding in par 
allel wit the amature cic, alle 
‘wound machine 


12. Sketch rypical ope-clruitchancterisie 
for (a) a separately excited generator (b) 3 
shunt generator () a series generator 


13. Sketch atypical load characteris for) 3 
Sseputely excited generator (b) a shust 
‘generator 

14 State one application fr (a a shunt gener 
soe (b) a Sti generator (6) a compound 
enentoe 

1S. State he principle oust in de. machines 


16, The ficiency of ade. machine is given by 
thera...) por cent 


17, ‘The equation relating the generated eam, 
, teminal voltage, annatue euteat apd 
‘ature esietance fora de, mote is E = 


1M, Thetoque  ofad.c motors given by 7 = 
pOZI, ne newton metres Slate what p.@, 
2.1 aide represent 

19, Complete the folowing. nae, machine 
(a) generated emf ce 
() tanyuece 5 


20, Steich ypcal characterises of orgs 
manure een fo 
(a) ashunt motor 
() series motor 
10) compound motor 


2, Sketch typical speed/tanue characteristics 
foes shunt nd weries motor 

22. Statetwo applications fr cach of the fllw 
ing motors 
@) shone 


(©) series (@) compound 


Inquestons 23 126, an ceutical machine runs at 
‘nev hasashaf wrguc of Tad takes a carent 
{7 fom a supply voltage V 


23, Thepowerinputtoa generator is_.wats 
24, The power inp toa motor... wat 


25, The power ouput fom a generate is. 


26, Thepower output from amet... wats 


27. The generated emt of a de machine is 
opetional iy. volts 
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28, The tongue produced by a de. motor ix 
propoctonal to... Na 

20, Astaserisneceaary forad motor because 
the generated emi... at lw speeds 


30, The speed of de. shune- wound tor wil 
tbe value of resistance ofthe shunt 
eld eopulatr is increased 


21. The spd of a de, motoe ifthe 


Yale of esistance in he srmatuse cite it 
Incresed 


32, The yaluco the speed of ade shunt-wound 
rotor. as the value of the armature 


33, Atalay value of tongue, the speed Fade. 
seriee-wound metre 


“3M. Ata lige value of fldcamen, the gener 
‘ed ea. of «de. shunt-wound generator 
Isappeosinaely 


35, Ina seses-wound generator the teeiaa 
‘oltage ineeases asthe lal erent 


36. One ype of de mowe wes resistance in 
series wit the fed Windia oobi speed 
‘ates and anther type ses esse ia 
Parallel withthe eld winding forthe same 
Purpose. Explain bey why these ew di 
tinct methods are used and why the field 
‘urea plays signiieanr part in contolling 
the spec fade. mone 


37. Name tee pes of motor enclosure 


Exercise 139 Mult-choice questions on 
demachines 
‘Answers on page 421) 


1. Which ofthe following statements isi? 

(a) A de. mor conver electrical energy to 
mechanical energy 

() The efficiency of ads. motors the ratio 
Fnput power ooutpt power 

(e) A'de. generator converts mechanical 
Power o electrical power 

(a) The effin of 4d. generator isthe 
rato output pow to input power 

‘A shunewound de machine fs runing st 

‘revs and has a shaft tongue of 7 No. The 


supply curenis JA whon conacted to de. 
tusbars of volage V volts. The amature 
resistance of the machine + Ryobns, the 
armature current is [4A and the generated 
‘Voltages volts Usethisdatatofindthe for. 
‘mulae ofthe quantities stated in questions 2 
1 9, selecting the conect answer fom the 


following ist 
VAR, Wo) BAL, 
© (a) e-nR, 
(©) Team)  VERR 


“The nput power when runing aka generator 
“The ouput poner when runing a8 a motor 
‘The input power when ruaing asa metor 
‘The output power when runing ava genera 


‘The generated voltage when running as a 


‘The terminal voltage when running as 


‘The generated voltae when running as a 
enero 


‘Thetemialollage when unning asamotor 


Which ofthe following statements isase? 

(2) A commutator is accessiy ax part of a 
‘des motor to keep the anata rotating 
inthe same direction 

(by A commutator is necessity ax part of a 
‘Le generator 1 produce udectional 
‘volage atthe terminals of the genertor 

() The Held winding of 4d machine 
toused in lots onthe armature 

(@) Thehruses of se, machine re sully 
‘mae of carbon and do notte with the 


te speod of ade machine is doubled ant 
the hu emains const the verted em 
(4) remains the same (b) is doubled (6) is 
halved 


I the Aux per poe of a shune-wound dc 
ssneratr i inreased anal other vsibles 
fe Kept the same, she speed (a) doeeases 
(say the same () increases 


I the ux per poe of a shune-wound dc 
generator i halved, the generate ean. at 
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1% 


1, 


2, 


constant sped (a is doubled (b) is halved 
(eh remains the same 


Ina seris-wound generator runing at con- 
stan sped, a the load cute inceeses, the 
ternal vliage 

(@) ineeases——(b)_ decreases 

(6) says the sae 


‘Which of he folowing statements is false for 

aeries-wound de. moto? 

(a) The speed decreases wih increase of 
resistance inthe amauta circuit 

() Thespeed increases asthe fue decreases 

0) Thespecican be contol by diverter 

(4) The speed can be controled by shut 
fel epulator 


‘Which of the following statements is fase? 

(a) A teres wound motor hay lage start 
ing one 

() A shunt-wound motor must be perma 
‘ently conpected tt Joad 

{) Thespeed of asris-wound motor drops 
‘considerably when loads applied 

(@) A stunt-ycund motor ix emeatilly 
‘constntapecd machine 


‘Thespesdfadc motor ay be increased by 
(a) incweasing he aemstue erent 

(@) decreasing the field eure 

(©) decreasing the aplied voltage 
(@) increasing the tela cuneat 


‘Te armature resistance of ade, moto is 
(050, the supply voltage is 200V and the 
fuck emis 196V a fl spood. The arma 
G@ aa () 8a 

4008 (a) 324, 


Inde. geneatrs oa losses are made up af 

(a) hysteresis and teen osses 

(@) hysteresis ely cura! and brush con- 
tact lowes 

(e) hysteresis and ey current loses 

(@) hysteresis dy cument and copper 
lowes 


‘The effect of inserting a resistance in series 
wih held winding of hunt motorist 
(a) increase the magnetic eld 

(©) increase the speed of the motor 


2. 


(6) decrease the ume cutent, 
(a) seduce the seo ofthe motor 


“The supply voltage oa de, motor ix OV. 
te back eam. 230 and the armature 
resistance is 0.25, the anatase casters 
(10a () 40a. 

© 9A (a) 9200 


With ade, mote, the states resistor 

(2) lis the armature current 1 a safe 
starting value 

(0) contol the speed ofthe machine 

(6) prevents the eld caveat flowing 
‘vough and damaging the aature 

(a) its the tel eure sae stating 
value 


From Fig, 22.31, the expec charateistie 
fora shunt-wound de generator 

@P oe 

OR ws 


igure 231 


_Acommutsorisadeviceftedto generator, 

Te function is 

(a) to prevent spacking when the load 
shanges 

() tw caver the as. generated int a de. 
supa 

(6) to eoavey the cument to an fro the 
windings 

(@) tw pono a dvct curent 


Chapter 23 


Three-phase induction 
motors 


Al the end ofthis chaper you should be able: 
ppeciate the merits of the-phase induction moors 

understand how a rotting magnetic field is produced 

state the syndronous sped, =(//p) and use in caleulations 

eseribe the piacipleof operation af tyee-phase induction motor 

isinguish eeweon squlel-eage and wound zor types of motor 

‘understand how a tongue produced causing rot monement 

‘undestand an eaeuate sip 

erive expressions for ote. frequency resistance, reactance impedance, curteat ad copper os atl 
‘se them ncaleulations 

‘sath loses in an induction motor and calculate efficiency 

erve the tongue equation for an induction motor, sat the condition for maximum toyue, and use in 


eseibe toequ speed and taque-sip characteristics for an induction mas 
stat and describe methods of starting induction mors 

sae avantagesof cage ot and wound roto types of indcton motor 
eseribe he double age induction toe 

sae typical applications of tue phase induction mots 


23,1. Introduction 


‘The eval isa motor which (is cheap and robust, 
Gi) explosion root, due to the absence of com 


Inde. motes, intoducedin Chap 22, conducts oa 
‘a vrating armature pas through 

Doli na three-phase Induction 
Sek rte and this has the advantage that no exter 
‘al electrical conectlons ta the rotor oged be made 
same is derived fou theft that the urea inthe 
‘oto is induced by the magnetic Hed instead of bins 
‘Supplied though cleeical connections to the suppl 


‘ator a aliprings and brushes wih their sscited 
Sparking. (i) equ litle or no skied mainenace, 
‘3 (is) has selEstating properties when switched 0 
‘apply with no additonal expenditure on asiiary 
‘suipment. The pincipal disadvantage ofa theephase 
Indution sutoe i tha ie speed cannot be readily 
aaljuted 
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23.2 Production of a rotating 
magnetic field 


‘Whena te pase supply i coaectedo sym 
Aucepase wining, the crets log iat wile 
ings pede gee Bel. This mei el is 
Sot maple an tts at conta pe 3 
Stow bli abd i ale th synchronous speed 
with efrece wo Fig 3.1 the wings renee 
seta by te single oop nia one fr exh 
phe, shed As, YoY and BB the Saad F 
Sayings nd ish practice ech pas wil 
ing eanpses may tus ans stibued oun the 
st thesingle-oop appa for lay oal 


‘When the stator windings ate connected toa thee 
phase suppl: the curt doing ineach winding vais 
With ume ands as showa i Fig 251 1tbe valu of 
urea ina windings pose, the assumptions mae 
‘hat it flows from sta fo ais ofthe winding, et 
isthe ed phase, current ows fom Ry ta Le a0) 
‘hoa the viewer in Rs and tows the viewer in Ry. 
‘When the value of cuent i negative, the assuption 
‘sma that hws fom as ost, be towards the 
Viewer nan 'S windingand sway from he viewer nan 
°F wining. At ime, say 1, shown in Fig. 23) the 
urent dowing inthe rel phase is maxima postive 
‘alu. Arte se tine rth eutents Hsing in the 
‘yelow and Hue phases ae bot. tines the maximum, 
‘alu an ae negative, 

‘The curtentdistibuton in the stator windings is 
serene as shove i Fig. 23.1), ia which cutest 
‘oye aay feom the viewer (shown as) in since 
4s postive, bat wwazds the vgwer (shown as © i 
Yea By. siace those are negative. The esting ma 
‘ci eld i 36 showa, de to he solenoid? ation an 
pplication ofthe corkscrew ule 

“Ashot time ater at tine, the current owing inthe 
‘ed pase has fallen i about O87 ties its maxim 
‘ale and is positive the cunt in the yellow phase 
zero an the cutentstbe ble phases about 0.87 anes 
‘ts masiqum yale and is negate. Hence the caren 
audesullan magnetic feldareas shownin Fig. 23.10, 
‘Atte ry the curens in the ed and yellow pases ae 
(05 of their manson valves andthe curten in the ie 
pase isa maximum negative value. The curents and 
‘esulant magnetic eld are as shown in Fig. 23.108, 

Similar diagrams wo Fig, 231(b).(e) and () ca be 
‘rode forall tine vas and these would show that 
the magnetic fel travels tough one revolution for 
each cycle ofthe suply vollage applied to the stator 
‘windings. 

‘By considering the flux vals rather than the custeat 
‘vals ts shown below thatthe rotting magnetic ld 
‘asa constant val of flux, The the coll shown in 
Fig. 23.24 ate connected in star to thie-phan up 
‘ly. Let the pote directions of te fluxes produced by 
“tren owing in the cls, be x, dm ad expec 
tively. The directions of ¢, dm and domo lis, but 
their magaitues are proportional 1 the cutens ow. 
Jngiathecolsat any particular tine, At time, shown 
in Fig. 23.20 the cueets wing inthe coils we: 

‘n-amuximum poste ale, the Hux istowands 
point P:/sand ic blfthe maximum valueand negate, 
1a the ax is aay fom pint 

"Tew carent gverse othe magnetic Huns $y 
a oc, whose magastes and dcetinas areas shown 
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Figaro 282 


in Fig, 28,2). The resultant ux is he phasor su of 
4. at de, shown as & in Fig. 23.2) Atte, 
{he cutents Rowing ae: 

‘a 0866 + masium positive value, ic, 240, and, 
(066 « mucimum negative value, 

‘The magnetic Huxes and the result magnetic Mux ae 
as son in Fig. 2320, 

‘etme 


fy 6 5 > caximum valu and is positive 
i, S64 maximus negative value, and 
fe ie 5 maximum vate and ic pine. 


“The magnetic Mune and the resulant magnetic ux ane 
shown in Fig. 2321, 

Inspection of Fig, 224), (2) and (e) shows that the 
‘magnitude ofthe resulta magnetic Mus, @, in each 
seis constant ands 14 the maim value af 
4 or but hats dteton i changing, The proces 
of deenining the resulae ux may be repeated for 
fll value of meat shows thatthe mage of the 
‘estat i constant forall vals of tine and als 
that trots at constin speed, making one elution 
foreach eyele ofthe supply vlage 


‘The rotting magnetic Held produced by thee-phase 
windings could hase been produced by ctaing ape 
‘manent magnets north and south pole at syneizenous 
sped, (shown as Nand Sat the ends of the fax pha 
Sos in Fig 23.10) (and). Foe this eas, i 
Called x 2polexystem and an induction mtr ing 
tne phase windings only is alld pole induction 
‘motor. sx windings displaced fom one another by 
60" are used, a6 shown in Fig. 23.3), by dang he 
urea an resultant mapactic Held diagrams at Yanious 
‘me ales imay beshown tha one cele ofthe suply 


® 
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‘urrontto testator windings causes the magnetic ld 
omeve tough aa evolution. The erent dsb 
tiominthe stator windings ae showain Fig-23.3al, for 
‘hetime r down in Fig. 23.30), 

Ieean he see that xsi wading’ the sta. the 
magnetic x produced isthe same as tat produced, 
hy stating wo pemnapent magbet aor poles al We 
permanent magnet south poles at synchronous sped 
‘Tiss elleda4-poe system and an induction motor 
sag ie phase windings alld 4-ple induction 
motor By increasing the number of phase windings the 
uber of ples ca he ineeased to any even number, 

In geaeral iff isthe Lequency ofthe currents athe 
stator wanings and the stator is wound wo be equiv 
Teut to pales of poles, the speed of revolution of the 


routing magnetic Bld, Lethe syaliaaous speed, 
isgivenby: 
naLrevie 
? 


robles 1. A thee-phase 2-pole induction motor 
‘scones toa SDHE supply Determine the 
synchrogous sped of the morn e/a. 


Feom above. a, =(J/p)revs, where m, isthe sya 
‘lonous speed, sie frequency in bent of the supply 
tothe stator and p isthe numberof palesof poles. Sine 
‘the maori contected vow SO hertz supply f 50 
"The motor has a wwo-pole system. ence p, the 
umber of pits of poles, is 1, Thus, synehronous 
‘pes, = (50/1) = Sore $0 x revs 
000 ei 


Problem 2. A statu winding supplied fom 
tree hse Hayter ie equited to produce 8 
‘magaetie fue stating at 900 ren, Detenine 
the numberof poles. 


‘Syachrono peed, 


2 exlt = 1Svls 


= 900:e)nin = 2° 


"se Qmer-(-€) 


Hence the number of pole pales Is 4 ans the 
‘umber of poles is 8 


Problem 3. A thee-phase 2-pole motor isto have 
synchronous sped of 6000ev/ni, Calla 


thettequncy of the spply vole 


Since 


[Now try the following exercise 


exercise 140 Further problems 
fonsynchronaus speed 

1. The syncluonous sped of a phase, 4pole 

induction motor ie 60te/s. Determine the 

sjuency ofthe supply tobe stator windings. 

[204] 

‘The synetvonous speed of 3 pase induction 

motrin 25rev/sanulhe frequency ofthe supply 

to the saor is SH, Caleuate the equivalent 
umaerof pis of poles of the mor 

Rl 

3. AG pue,3-phaseinduction mmorisconnected 

tw a 3008 supply. Determine the spood of 

rotation of the magnetic fed produced bythe 

stator, [odes 


ruction of a three-phase 
motor 


“The stor ofa tvee-phase induction motor isthe sa 
‘ona pt onesponing othe yoke ofa. machine. 
Iris wound to give 4 2pole, pole. 6-ple 
fotaing magnetic field, depending on the torr spec 
‘equired, The foioe.coresponding to the armature of 
2 de. machine ult up of laminated eo, wo reduce 
ay curents 

‘ithe ype eost widely used, known a a squlrel- 
‘age rotor, copper ar alumina art ae placed i slate 
ut in the laminated ion, the ends of the bars being 
‘welded or brazed iato a heavy conducting sing, (ee 
ig. 23.4a) A erase ssetioal Siew af a tuce-pase 
induction motos shown a Fi. 23(). 
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Figures 


‘Te comuctors ate placed in slots inthe lint 
iron rotor core. I the slots ate skewed, Heir stat 
ing and quiter running is achieved. This type of tote 
Isao external connections which means ht slips 
and brushes ate not needed. The squirel-cage motor is 
‘heap eile and efficient. Anober type of rotor ix 
‘he wound rotor. Wi this type these are phase wind 
ings slos, sila to those inthe sao. The windings 
‘may be connected in tar or delta and the connections 
‘made ove slip-sings, The spins are wed 0 a 
fexemal resistance tothe sor ie, patel for 
Starting (se Section 73.13), bu for aornal unning the 
Slip-sings are shre-ireite, 

"The peaciple of operation iste same fr ath the 
squie-cage and the wound rotor machines 


23.5 Principle of operation of a 
three-phase induction motor 


‘When a tvce-pase supply is connected othe stator 
‘windings a rotating magte Held spruce. As the 
‘magaetc Mucus ar onthe oto. ates. siaduced 
intand since iis joined, ia the end conducting ring, 
to another bar one ple pitch away current flows in 
‘he bars: The magnetic eld associated wihthis cute 
‘wing in the bars interacts with the rotting maga 
fel and afore is produced. tending wo wm the rote 
inhesame dectionas the roiating magnetic Bel, oe 
Fig. 235), Similar forces re applied al the conduc 
toes on the so, so that atone Is produced causing 
the oro ae 


Sater. 
iE Force 
sate 
romero 
ae 


23.6 Slip 


‘The force exerted bythe rotor bars causes the rxoe to 
turnin the diction ofthe oating magnetic ld. Ax 
the oor sped acess, the ate at Which the ating 
‘magnetic fl euts the rotor Basi 1s al the fre 
‘quency ofthe induce cans intherotor bases IF 
‘herotor une atthe same sped asthe rotating magnetic 
eld, no ems ae induced ia the foto, hence hee 
1 owe on them and no torque an te aor Ths the 
totor slows dawn. For thie reason the rotor ean ever 
‘un at sychronos spec 

‘Whe thot ola on the sto th resistive forces 
iu wo Wwindage aed bearing fection age smal and he 
‘otorruns very nary asynchvonous sped, Asthe rotor 
in loaded, the sped fale nd his causes an inereae in 
the frequeney ofthe induce ea. in the rtor ba, 
sui hence the foto csteat, force and torque increas. 
‘he difeeace between the reo spoed. my, andthe 
sconous speed, scaled the lp speed. 


slip spec 


‘The eto (a —m) ny called the Fratanal slip or 
just the lp, and s usually exes a a peweat- 
20, Thus 


nays 


slip,» 


“Typical values of tip erween ao loa! and fll oad are 
shout 4105 pr ent fr sal mors and 1 102 per 
et fr lage mts. 


Problem 4, ‘The stator of thee phase, 4-pole 
{induction motor is connected wo a SOF supply. The 
oto uns at 1455 v/a fl oad. Determine 
{Gl thesynetvonous sped and (b) he slip at 

‘ul fad 


(a), The number of pats of poles, p= (4/2) =2. The 
spn toqueaty = S01" The symehrmous 
speed, 1, = (// 9) =(S0/2) = 28 res 
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(b) Tae rotor spes, n= (1485/60) = 24.2510, 


= 


Problem S.A tee phase, 60 He induction mote 
‘as poles the slips 2 por ent at cera load, 
etemnine (athe syucuonous sped, () the speed 
fof the roo and che feequeney of he induced 
fem inthe ot. 


2) = 1 Hence synebronoas 
speed, =) = (60/1) =6revs 60» 6 
600 e/a. 
(by Since sip, 
Hence 
2x60 _ 6g 
Tor Ke 


60-25 55.5106 
TH 


{the rotor run t S88 6 = 3628 revi 


(6) Sine the sypcooous speed is 60) an that 
ffthe sour i 8 8revs, the oting magnetic Held 


sth oy brs at (6) SK) = Les 


‘Thas the frequency of the em Induced in the 
vt bats, lef =(1.2)(3)= 12 He 


Probes 6. A.thee-phase induction mors 
supplied fom a SDH supply and reat 
1200revfnin when he sips per cent. Deterine 
the synchronous speed. 


( 


(200/60) 


Slips = 


“) 10086 


Rotor speed Orewa 


rom which, 0.08) =n, 
202m. —0.04n 


Hence synchronous sped 


20 
Tom 


(20.88 60) v/a 
1250e/mia 


[Now ry the following exercise 


exercise 41 


LA G-pole, S-phase induction motor runs at 
{70,ey/mina acer load he stator iscon- 
nectodtoaSO Hz upply. find ie percentage slip 
this oad, Dsl 


Further problems on sip 


2. A pha, SOHz Induction motor hs pole, 
{ake ful oad lip iS po cen, determine 
(2) the synchronous speed, 
(0) the eto sped, and 
(6) the frequency ofthe rotor ean. 
Ita) 780sevmin b) 731 evi ) 25H) 


31. Adhnoe-phase induction notre supplied rom 
‘6042 supply and runs at 1710rev/nin when 
theslipiss percent Determine the synchronous 
speed [isooeevnin 


4. Adpole,3-phase,SOHs induction motor uns 
‘a 440revimin at ful loud. Calculate 
(@) the syncvonous speed, 
(0) the stip, and 
(6) the frequency f the rotor induced e's 
(a) 1500eey/taa (4% (6) 2H} 


Rotor e. 


ind frequency 


Rotor ems. 


‘When an induction moto is sationary, the ator and 
soto windings form the eqivlea of  wansoee a 
shown in Fi 236, 
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a 
* 2 
o—_ = 
| fe 
le e 
oar a 
Figure 284 


“The rotor ean at sandals given by 


e@e 0 


where Es ithe supply vollage per phase othe stax 

‘When an induction motor i runing, the induced 
emu inthe roto ie leas since the relative movement 
‘between conductors and the rotating eld i Less, The 
induce esa is poporional wo this movemest, hence 
‘it mast be proportional to the sp, s. Hence when 
‘runing roe es. per pase = E, =¥Es 


Ne 


ecrotoremns peephne=—i(%E) e, 


Rotor frequency 
‘The orem. is ade by an aerating Hu a 
the ret which the flux pastes the cds isthe 
slip speed, Thus the fequeacy ofthe oe ema. is 
tive 


fat mip= (a) ne) 


However (8. — n/m she slips and (np) i the 
supply frequency fence 


fe 


o 


robles 7, ‘The fequencyof the supply tothe 
stator of an pole induction motor is SDH andthe 
{oto frequency is 3H. Determine (athe sip and 
Abthe tor sped. 


uf. Hence 3 = (050) 


(a) From equation (3, f 
ftom whic, 


3 


slips 106 0 6% 


(©) Synchronous spec, 25h 


D 
or (12 5 60) =750re4aun 


ence 


(0.06)125) 
nu rotor sped, 


n= 125 (006)125), 


175 ole 0705 rev 


[Now try the following exercise 


[Exercise 142. Further problemson rotor 
frequency 
1 A.12-poe.3-phave OH induction motor rune 
475 ev/in. Determine 
(a) theslip speed. 
{hy the percentage a 
(6) the fequeney of rotor currents, 
ta) 25eevnin(b) 35 (6) 25H} 


“The frequency of he supply othe stator of « 
‘pole induction motor i SOE and the wor 
frequency is 2H, Determine 
(@) the slip, and 
(0) the rotor sped, evi. 

Ta) 0.0 a4 (b) 60 revinin 


pedance and current 


Rotor resistance 


‘The roe resistance Ry is ualTeied by regueney or 
slip, and hence remains coustant 


Rotor reactance 


Root reactance vies withthe frequeney ofthe eotor 
urea. At stan reactance per phase, Xz = 21fL, 
‘When sunning, eactance por pase 


aah 
2et4P)L fom equation 3) 
(afl) 

oe 


oy 
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Figs 257 eects rc he ig 
ee > 23.9 Rotor copper loss 
hy ae Power P2207, ee is te tog in nev 


smetes, hence torque T= (2/2) If Ps isthe power 
np wo the roto rom the sotatiag Held, and Ps he 
‘mechanical power utp (ied cia asses) 


le=se, Po 
a T= Sem a 
hom whic, te 
Pa 
Hone 1 
PP 
% 
is) PPh ithe lca or cpp ss i the tobe 
Pa = fps Hence 
rotor copper hss 
so AE StON o 
@ I= oo pa 
or power input to he rt, 
om Fig. 236 and 23.7, at standstill starting nell i 


23.10. Induction motor losses and 
efficiency 


‘igure 23.8 summarises losses in induction motors, 
Moor icine 


output power Pe soy 
28 100% 


Tivee phase induction ats 


31 


Problem 8, "The power supplied toa three-phase 
{induction motors 32kW and the stator lowes ae 
1200.W. the pis pe cent, determine (a) the 
otor copper loss, (b) the total sechancal power 
eveloped by the rte, (c) the ouput power of the 
‘motor I fiction and windage loses ae 750W, and 
(ithe ettcency ofthe moto, negleting rotor 
ton oss, 

(a) Input power to rote = stro input power 

noe oss 


=2RW- 1200 
=s05kW 


From equation (9), 


sy = Heo 


oto npr 

" 5 _ sotorcoppe axe 
™-— 

‘om wich uta eopper toss =(0.05)308) 


LStkW 
(0) Toa mechanical power developed by the sor 


oto input power —fotr losses 
S081 = 29.26kW 


(©) Oupurpower af motor 


ower developed hy the oto 
friction and windage losses 


1260.79 2851 KW 


(8) Ecieney of induction moter, 


100% 


(mean 
pat pomer 


(25!) xo 


9.10% 


Problum 9, "The sped of the induction motor of 
‘Probl 8s ede to 35 pe cent of its 
‘yehronous sped by using extemal rotor 
‘existance Ifthe togue and stator losses te 


‘uchanged, determine a) the rte copper loss and 
(he efticiensy of the moto 


0 sins=( 


) x to 


lap power toot 
rotor copper loss 


oi 
ea ae cper= r pt) 
6s 
=(S)aos 
uw 
(Por eke ys 
5 prone ent 


= 308-2002 = 1078kW 
‘upat power of motor 


= power developed by tar 
friction and windage loses 


= 1074-075 = 1003 


[Now try the following exercise 


[Exercise 143. Further problems on losses and 
efficiency 


1, The power supplied toa tre-phate induction 
otis SOKW and the Hatr loses ve 2K. 
Ir the slip is per cent, determine 
{a} the rotor coppe os, 
(©) the total mechanical power developed by 
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(6 the ouput power of the moto i fetion 
and Windage losses are LkW, and 

{@) theefcency ofthe motor neglecting ot 
‘non loses, 


Tia) LS2EW () 4608KW (e) 45.088 
(290.165), 


lution motor ia Problem 1 i 
to 40 per cent of is synchronous speed. If 


{@) thereto copper oss, and 
(0) the efficiency ofthe moor 
Ta) 2630EW (by) 36.40%) 


23.11 Torque equation foran 
induction motor 


Tongue 


(Gm equation (100) 


rom equation (8) 


Hence torque pr phase, 


ere ae m phases thon tongue, 


Under normal conditions the suply voltage usally 
constant, hence equation (13) becomes: 


ete 
rene 


Fy 


“The toque willbe a maximum when the denominator 
‘sami and this curs when 


‘hoaequation (2). Thus masawumtarque occu when 
tetor resistance and or reactance ue equal, Le, when, 
a 


Problems 10 w 13 following illustrate some of the 
luracterstes af tae phase indocton oto 


Problem 10. A415 Ysthvee-phase, SOH 4-pole, 
stu-conncted induction moto ns at 2416 
{ull oad, The rotor resistance and eactance pee 
plase ae (3502 and 3-52 sespoctively, an the 
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fective rotor stator tras rai is O85, Calle 
(a) the synchronous speed, (the lip, (ct fall 
{oad tng, the power ousptf mechanical 
losses amount to 7I0W. (e the maximus tongue, 
Af) the speed at which xin org occurs, ad 
(e)the stating org. 


(a) Synchronous speed 
25 evis of 25 x 6) 


o 


28 
FOR, 
from equation (11) 


20857) (wanes? a9 ) 
aay) oss Fores) 


worsen (ST) 
rrr 


780SNm 
(8) Ouiput power, including fetion louse, 


Py adam 
= 29024)(7805) 
= 117708 


Hence, power output = Py — mechanical loses 
=11770-770 
= How 
= new 


(@) Maximum tongue vsurs when Re 


x 


oasa 


Slip 


Hence marinara toraue, 


SEER 


cons ) pate 


coms (282228238) 


Ta OE 


coorsan ( 


(Foe maxinnun torque, lip 


‘tip 


Hence (0.1)25) 


Sn, and 
= (0.1125) 


“Thus sped at which maxinaun torque occu, 
n= 2525 = 225 revisor 380rev/ain 


(@) Atthesta, 


at sandal lip = 1, Hence 


‘equation (11) with y= 1 


(o.01380) 


ums) 
Tas 


|e starting torque = 22.81 Nm 


(Note that he flo tongue fompart (ois 78.5. 
tthe starting ou is oly 2241 Nin) 


Problem 11. Detemine forthe induction motor 
Problem 10 fl load (a the our cute, 
(by he soto eoper oss, and (ee sting eet 
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(2) Feom equation (rotor current 


Varae 
(.08)(085)239.5) 


Tron 

Kt 

SUG aust 

(0) Rota copper 
oss pr phase = 12 
21.61)9035) 
\6s.asw 
‘Total eopper loss oe 3 pases) 

ae less 
a03sw 


(e)Feom equation (7), stating eurent, 


wy 
Gi) _ osvans 


BACH _ sr 99, 
wae 


(Note thatthe stain caste of 57.904 is con 
siderably higher than the full load cuteat of 
261A) 


Probleat 12. For the induction motor 
‘Problems 10 and {1 if the stator losses ate 6SDW, 
etrmine (athe power inp fl oad, () he 
fftceney ofthe motor a ful oad, and (0) the 
uront taken fom the supply tal load i the 
‘motor uns a power factor of O47 lagging, 


(2) Output power Py =I1.77OKW ou part, 
Problem 10. Rotor copper lowe 400.35 
(049035 KW fom pt (b. Problem 11 
‘Stator inpat power. 

1, = Pa trot copper oss +r stator Loss 
1.7704-0.49035 +0650 

291k 


()-Net power ourput= 11 from part (), Prob 
lem 10 Hence eficincy 


j 
(a) 


as2t% 


ouput 
Tapa 


(6) Power input 
ter ™) and 


current, 


h 


Viasat 


eer 


Problem 13. Forth induction motor of 
Problems 1010 £2, dtemnie the esstance ofthe 
soto winding equine for maximum starting 
tongue 


‘Fu equation (1), worn eeuctance X= 2X3. At the 
‘moment starting slip. = 1, Masimune tone occurs 
hon foe eacance equal tor resistance hence or 
‘mala trgue, 

yak, asks 2-352. 

"Thus ifthe induction nor wa a wound roto type 
With springs then an exeralstarconnecod rss 
tance of (35 —0.35)22= 3.150 per phase could be 
ae the toresstance to gve makina tanue at 
Santag (ze Section 2.13), 


[Now try the following exercise 


Exercise 144 Further problems on the 
torque equation 
L.A 400Y, tee-phas, SOHZ, 2-pole, sr 
connected indtion motor runs at 4 Steve 
‘fl lad, The rotor esistaace and reactance 
pe phase are 0.49 and 4.08 respetively. and 
the efectve otorstator tums tai is O81, 
Calculate 
(a) the synchronous speed, 
() thestip, 
{) the ful load ogee 
(@) the power ouput if mcchaneal losses 
mount 1 300W, 
{the maximum argu, 
(1 the speed at which maximum tonue 
cca, and 
(@) the starting torque, 
[ia Sorev/s or 300 rev/min (b) 0.03 0 3% 
(© 22.43Neu€) 6344 (@ 4074. 
0 4Stev4 oF 2700evhnin(g) 0785] 
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For the induction motrin Problem calculate 
sul lad 
(2) the otorcarent 
1b) the rotor copper loss and 
(6) the sating current 
Tia) 13.27 (0) 211.3 W 45.96] 


4. the stator lowes foe the induction motor in 
Problem fare $251, calelate afl Load 
(a) the power input. 
{b) thectficeney of the mtr and 
() the cumrent take ftom the supply if the 
‘motor une at power actor of 0, 
Tia) TS7RW (hy 83.75% (6) 304], 


4. Fortheinductionmtorin Problem | determine 
‘he resistance ofthe rotor winding equ fr 
‘maxima starting torgue 


Teo} 


From Palen 10, parsed) ts soea thatthe noe 
‘nal starting tongue may be ess hn the fll ood nyu 
‘Also, fmProbien 10, paste) and(tissoen tate 
Speed at which maim torque cea is deternined 
by the value of the rotor resistance, At syachivaous 
speed, slips =0 and torque 227, Feom these ubser 
‘atlons, the tryuespeed and orque-lipchascteisties 
‘Fan inaction motorare a shown ia Fig. 239. 


ttn 
“hoa 


Pigere239 


‘The kr resistance ofan induction moti unully 
soul eopuod wih ts eacance (fw example, 
(0.350 and X= 3.50 ia the above Problems so at, 
smaxinu tou oceus aa high sped, ypu about 
80 percent of synchronous pee 

Curve Pin Fig, 23.9 isa typical characterise for an 
Induction mote The curve Pes the full oad tongue 
line at poiatX, showing that at Tull lad the sip 
shout 4 percent. The normal operating conditions 
‘between and X thusstean bese that fen pe 
tion the speed vaviaion wit oad is que sll the 
Induction motor i an alos consiantspeed machine 
Redeaving the spoed-orgue characteristic between 0 
and X gives the characteristic shown Fi. 23.10, which 
{ssimilarta dz shunt motors sown in Chapter 22 


‘ain tongues eyed at stating then high 
resisance rome is necessary, which gives characteris 
He Q in Fig. 24. However, as ean he sea, the metor 
hae ful loa lip of ver 30 percent, which resus 
‘8 a daop in efcicney, Also sucha moiae has a lage 
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speed vation with vations of load, Cuyes Rand S 
(FF. 239 ae characteris for values of we eb- 
‘ances herween these of Pand Q. Bete stating tone 
‘han fr curve P is obtained, bat wah ower eficleney 
and with peed vations under operating eontions. 

‘A squlre-eage Induction motor would orally 
follow eharaersue P. This type uf machine is bghly 
‘efceat and about constants under nora ru 
ning conditions. However it his a poor staring tongue 
and must he stated fad very lightly loaded (ee 
‘Section 23.13 below), Also on satin the caren can, 
be four ove tes the arial fl Toad ewes, dae 
to the mtr acting like a unser with secodary 
short-cinited. In Problem 11 forexatpe, the erent, 
at staring Was acl dhe tas the fll ad erent 

‘A wound tor indation motor woul follow har 
faeisic P when the siprings ae shar-cvcuted, 
‘whi isthe naa runing condition, However, the 
Slipingsallow forthe addin of resistance othe oe 
‘teultextemally and, as a tesulfr stating, the moor 
‘im havea characteristic snr weurve Qin Fi. 239, 
fd the high stating cusearexpeieaced bythe eage 
induction motor an be overcon, 

In pene, fr tice phase induction motors, the 
power factors usually between about 8st 0. lg 
‘ing andthe fll Ia econ is usually about 80-90 
percent 

"rom equation (12) is Seen that org is propor 
sional to te square ofthe supply voltage. Any yoltage 
‘aviation therefore would seriou fst he induction 
ot peformance. 


23.13 Starting methods for 
induction motor 


‘Squirrel-cage rotor 


(i), Dieta starting 
Wi this method. stating cumeat is high and 
ay’ cause interference with supplies to other 


(i) Auto transformer starting 
‘With hi mito, an autotransformer is wed 19 
reduce the ator voltage. £1-andthusthe starting 
‘current (ce equation (7). However, the stating 
Tongue is seriously reduced (36 equation (12) 
othe voltage is educed only suficiely tive 
the fquied reduction of the staring eurent 
‘A typical atangoment is shown in Fig. 23.11 
‘A double vow switch coonets the auto usa 
fonneincitcuitfor starting, and when he moors 


‘upto speed the switchs moved tthe un position 
Which connects the supply dinedyto the mt 


(i) Staradeta starting 
‘With his mcthod, fr starting the connections to 
‘Mestaoc phase winding aresta-connete, that 
the yollage across each phase winding i (1/ ¥3) 
ie. 0577) of the line voltage, For nuncing, 
the windings are switched to dete-conaectin, 
‘Atypical arangement is shown in Fig. 2312, 
“This method of starting isles expensive han by 
aut taneorme. 


Wound rotor 


‘When strting on loud sees. wound eotrindue- 
tion motor mst be used. This fe cause makin, 
toryue at stating can be obtiaed by adding exter 
tal resistance to the rotor cteuit via lipring, (8 
‘Problem 13), A faceplate type state i sod, and 
te ressiance is gradually reduced, the machine cha 
aceiics a each sage willbe similar to Q.S, Rand P 
OFF. 23.13, Ateac resistance tp the mtr opera 
‘ion wil transfer from ane charsceric tthe next 30 
‘atthe overall sting charvtenste will bas shown 
bythe hold ine in Fig. 2.15. Fr very lange induction 
‘uns ory gradual and smooth trig isahieved by 
a ligautype resistance 


23.14 Advantages of squirrel-cage 


“The advantages of quire cage matoes compared with 
‘he wound sotoe1ype se thar hey: 


(0) re cheaper an one robust, 
have lightly higher efficiency and power factor 


sre explosion goo, since the sick Wf sparking 
1S elininated by the absence af sip-sngs and 
brsher 
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Figure 2312 


23.15. Advantages of wound rotor 
induction motors 
‘Tho vantagesof the wound oor tor compared with 
the age type are that the: 
i) ave atch higher stating nque 
(te aimach ower sting eurtent 


i)_have amen of varying spot by use of extra 


23.16 Double cage induction motor 


‘The alvantages fsquiel-cageand wound triad 
sion mars ae combined in the double cage induction 
‘nolo, This type of ition moto i specially 
structed wih the tor having Wo cages, Oe inside the 
father The outer age has high sistas conductors 50 
that maximum toque is achieved at or near stating, 
‘The iner cage has normal low resistance copper ea 
slurs but high teatance since st is embedded deep 
{inthe ion core. The torquespoed characteristic ofthe 
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Inner ages tha ofa noma induction ota. as shown, 
in hg. 23.14, At staring, he outer cage produces the 
Tongue, but whes runing the ae cage produces the 
tongue. The combiaed characteristic of iar and ter 
‘ages sshown in Fig. 2314, The double cage induction 
‘motos highlyelsca when unas 


* 


duction 


“Thre phase induction motors are widely wed in indus- 
‘uy and eoasitue almost all instal dives where 
neil constant speeds eguted, hosel workshops 
‘othe ages industial entries, 

"Typical pplicaions are with machine wos, pumps 
andlor. Te sultel-cge otortype isthe most 
Widely used fall antes. 


Now ty the following exercises 


Exercise 145. Short answer questions on 
‘three-phase induction motors 


[Name thee advantages that a three-phase 
induction motor has when compased wi 
te, motor 


[Name the principal disadvantage of a three 
phase induction moter when compared with 
tte, motor 


3. Explain viel, wid the aid of sketches, the 
Principle of operation of x 3-phase induction 


4. Explain bitty how slip-equeney cureats 
ane setup the rota bas of «phase indi 
tion moto and why this raquency vanes with 
Toa 


5. Explain tity why 23-phase induction motor 
develops ao tonyue when sunning at sy 
‘tonous speed, Define the slipof wv induction 
motor and explain why its value depends oa 
the load onthe otor 


6. Waite doa he wo properties othe magnetic 
fel produced by the suf of a tncephase 
induction motor 


7. The speed at whieh the magnetic Held of a 
uee phase induction motor ottes is called 
the speed 


4. Thesynchronous speed ofatheee phase induc 


tion mote is. proportional to spy 
frequency 

9, Thesynchronous speed of atheee phase induc: 
tionmotoris...-propotonato the number 
‘ofp of poles 


10, The ype afer most widely wed ina thee 
pase duction motor is called a 


11, ‘The ap of three-phase induction motor is 
sven byes = — 5 LOOK 


12, Atypical value forthe sip of small thie 
plas induction motor i. 


Rot eoppet one 
Rinorinpar power 
15, Ste the loses nan induction motor 


16. Maximum torque orcus when 


17, Sketch a typical specdionue characteristic 
Foran induction tor 


H State two methods of staring squimel-cage 
induction motors 


19. Which ype of induction mtr i sed whe 
Starting o-load is necessary? 


20. Describe ely «double cage induction 
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21, State to ayantags of age rotor machines 4. A-A-pole dice phase induction motor has 8 
ompased with Wound rotor machines ‘Snclronous sped of 25). The fequency 


22, Staetwoadvantagesof wound.otor machines ot eseinty eee) 


Compared with cae tor muchines () S0Hz—@) tooHz 


) 25 i) 125 
23, Name any these applications of these phaue OES AGO SEs 

induction motors (Questions Sand 6 refer ta thee phase induction 
‘motor, Which statements are fale? 


(a) The slip speed i the synchronous speed 
sminas the rotor speed 


Ressees 46 Wasi chcen gets or () As the rors Ine the lip decreases 
ipgeetet ie cept! (e) The frequency of induced rae exms's 
(Answerson page 421) increase with oad onthe rotor 

1 Which of the following statements about a () The tongue on the som is due to the 

yc phasesguittel-cage induction ator is interaction of mupacti elds 

fal? 

(a) I hs no extemal electrical connetions 6. (a) UF the cor ie running at synchronous 
toite rotor sped, there sn torquc onthe ote 

() A thewe phase supply connected 1s (©) If te numberof poles onthe stator 
ane if doubled. thesynchtonous peed i halved 

(©) A magnetic Hu whieh atenates is po (6) Atotoud te rotoe speeds ery neatly 


an ‘ual othe synchronous speed 
(@) The dizetion of rotation ofthe rotor 
‘opposite to the dsetion of woation ofthe 
‘agaetic tld to give mau curent 
induced inthe rtor bare 


(4) teisehoap,robustand equteslialeor no 
shld msitenance 


2. Which of he following statements about 
the phase induction motor if? 


(a) The speed of rotation of the magnetic eld Athce-phase, pole. SOHz induction motor mans 
iscallod the synchuonous speed ‘140 ev/min. In questions Tw 10, detemnine the 


foxtect answers forthe quantities stated, selecting 
‘our answer fom he it given belo 


0) A tee-phase supply connected 10 
the rotor peoduces 9 rotating napoetic 


eld (a) 125revhs () 2S1evs (@) tees 
(©) The rotting magnetic eld basa constant (4) Sorevs (0) MD) a 
speed and constant againude (e) 50%) 4 SHE 
(4) Ie is essentially a constant speed type es 
‘machine meee ae 
3. Which ofthe folowing stements i fle ages 


when vefeing to a tvce-phase induction 
row? 9, The percentage tip 


(a) The synchronous speed shal he supply i 
jesse eee 10. "The frequeney of iaduce ean. ithe tor 


(®) iva 2ple machine, the synczonoas 1. The lipped fan nduston motor may be 
speed sequal tothe supply frequency Aetna be: 

(©) tthe uber of pots i ines, the (2) numberof pai of poles fequeney 
syoniroous pel ised (b) rtorspesdyconous peed 

(4) The sychooous ped is ie roe (6) rotor spect + yhoo sped 


potional ote numberof poles (@) syneltonous sped — rotor speed 
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4 


1 


“The lip speed of an induction motor depends 
upon: 

(a) armature curent (>) supply voltage 
(©) mechanics Toad (4) ly curouts 
“The starting try uf asp squee age 
{ay tow 

() increases as rote creat ses 

(e) decreases as akr cutet ries 

(@) high 


“The lip speed ofan indtion motor: 

(a) iszeo until hesotor mes and then ses 
igh 

() is 100 per con ut the voror moves and 
then decreases light 

(6) is 100 pe cnt until the oto moves and 
then falls low value 

(a) iszoro wlth rotor moves and thea rises 
10 1080 ps sat 


A fourpole induction motor when supplied 
ftom a S0He suply experiences a5 po eat 
slip. The stor pod will be: 

Gy 25/6 () 23.75eevi 
26256 ( LLNSeovs 


1. 


A sate wining ofan induction moter sup- 
plied from a tee phase, OH systems 
equred wo produce a magnetic fux rotating 
1 900,ev/nn. The numberof poles 
(2 (os 

6 aa 

“The stator ofa tsps, 2-poe induction 
‘motor i connected to 4 SOHx supply. The 
fotor rune at 2880rev/in at fll loa. The 


slipis: 
fa) 47% (oy 025 
© ah 96% 


‘An poe induction mot, when fe fr a 
(OH supply, exposences a5 per cet si 
“The rua speed 

(a) A27Sreviin——(b)8SSeevinin 
(©) SoOrevinin (a) B4Srev/nin 


“Tis revision test covers the marl contained in Chapters 22 and 23, The marks for each question am shown i 


braces the end ofeach ypestion 


1, Apole wmature has 1000 conductors and aus 
perpoleof40mWh Determine thee, generated 
‘when runing at 600:ex/nin when (a) lp wound 
(by wave wound. (6) 


2. The amature of aL, machine has resistance of 
(039 and is connected toa 200V supply. Cala 
luge the ean generate when it is runing (a a 
a generaoe giving 80A (h) a6 ator aking 
WA, w 


3. A ISHOW shunt generator haiag an armature cit 
‘uttesitance of Land afeld resistance of 1602 
peneates a eminal voltage of 240 at fl ead 
Determine the efficiency of the generator at full 
la suing the won, ction and windage losses 
sunt 19 S44 W. oO 


‘A d-pole de, motor bak a waye-wound anna 
ture With 1000 conductors. The wsefl fax per 
pole i 40imWh Calculate the toque exerted 
‘whoa a curent of 25 flows in eich armatye 
conduc cy 


A-40DV shunt motor rns at is normal speed of 
20revs when the armature cute is 100A, The 
mature resistance is 0.280, Calculate the speed, 


6 


‘nre/oia when he curents 50 ana resistance 
‘oF 0.400 is canseted in sess withthe amature 
‘he shunt eld renining constant. a 


‘The star of  thee-phase, G-pele induction 
‘motor is conneted a 60H supply. The rotor 
uns at 1155¢ev/mia at fll load. Detenniae 
{a) the syachroaous speed, and (b) the slip at 
‘aloud o 


‘The power supplied to a three-phase induction 
major is AOLW and the stator louse ae 2AW. If 
the lip sper cent determine (a the sor eap- 
pr los, (b the wal mechanical power developed 
hy the toto, (e) the output power of the motor 
iF facional and windage losses ae LASLW, and 
(a) the efficieney of the motor, neglecting tor 
iran oe, o 


‘A 400, thecephase, 10012. pole induction 
‘motor rune at 24.2515 on fll oad, The rotor 
Tesiatance and reactance per phase are 0.20 
tnd 20 respectively and’ the effective soto 
‘ator turns rai ie 0.01, Calle (a) the syn 
‘onous speed (b) the slip. and () the ul oad 
tongue oo 


Formulae for electrical power technology 


‘Three-phase systems: D.c. Machines: 


Generted emt 


wend 9, 


(e=2 for wave wining, ¢= 2p for lap winding) 
P=VViteod of P=3Fi hy Center ce yee 


‘Two-watmmeter method vr 


a 


= ners) ve 
PPh ung = VA Mi VR 
‘Transformers: cing y= (RHC) a9 
vi = 
x o= aD) 
e uf ah 
I Tocosto 
ERAN ON ‘Three: phase induction motors: 
Repuaion = (= ns 


Eaten = + 8 (%L)” 


JES 


Toul Hoss = copper loss +o los 
Inpt power = output power + loses 


Resistance matching: Ri = (M)n 


Laboratory Experiments 


“This page intentionally eft lank 


Some practical laboratory 
experiments 


‘This chapter coming 10 straightforward practical laboratory experiments to belp supplement and eaance 
scademic studies. Copies of these exercises have hoon mide available on ie at bp /fowsbookste seve 
ca and may be eited by tutors to suit vali of equipment and component 

‘The is of experiments no exhaustive, but covers som ofthe more important aspects of ely electrical engi 


‘+ Superposition theorem (sce Chapter 13) 
‘5 Théveni’s theorem (sce Chapter 13) 

‘+ Use of CRO to measure voltage, fequeney and phase (sce Chapter 14) 
‘+ Use of CRO with abridge rectifier ereult (ce Chaps (4) 

‘+ Measurement uf the nduetance of en sce Chapter 15) 

‘+ Series a, rel and resonance (sce Chaps 15) 

‘+ Parallel ae ereut und resonance (se Chaps 16) 

“+ Charging and discharging» expacitor (4c Chapter 18) 
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Objectives: 


1. To determine the vltage-curent relationship in 
Le acuta tela ito Ohm's aw 


Equipment required: 
1, DC Power Supply Unit (SU. 
2 Consumer oad for example, “Feedback” 


EECATH, 

3, Am ammeter and voltmeter o¢ ewe Flues (fo 
example, $9) 

4, LOR Data ie. 

Proce 


1, Construct sitet shown below wih 8 


BB 


(Check the colour coving ofthe resistor and then 
measure its vale accurately using an LCR dats 
idee a Fake 

4 Intlyserhe de power supply unit 1V, 


4, Mesure the value ofthe current in the eeu and 
‘cord the eaing in the table blo. 


5 reas the val of vollage ia 1V sncsemens, 
‘messing the cutet fr each value, Completthe 
table of values below 


6. Repeat procedures 1 to S fora resistance value of 
“STKE and compte the table Below, 


Hesiotance R= 2249 
[colour code is 


Curent (aA) 


1. Repeat procedures Ita S fora wesistance value of 
‘R= 10kS2and complete the able belo. 


Resistance R= 10k. 
[colour cade is 


‘Cameat (aud) 


4. Plot graphs of V (vertically) against (orizon- 
tally) fe R=47002, R= 2240 and R= 1042 
respectively 

Conclusions: 

| What isthe nature the paps pots? 


2. the graphs pated are sah lines, determine 
‘heir gradient Can you dew any conclusions oa, 


4 State Oh’ av Ha thiserperinen proved Oba 
law tae ue? 
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2 Serie 


Object 


1. To compare calculated with measured values of 
ollages and curtentsiaaseres parallel de. eeu 


Equlpanent required: 
1 D.C. Power Supply Unit (SU. 


CConsretne bowed (for example, 
EECITO, 


3. Anammeter and voluneter ora Fuk (Jorerample, 
wh 


4. LOR Dua bidge, 
Procedure: 


“Rosdhack” 


1. Construct he cite shown below. 


State the colour coe foreach ofthe five resistors 
in the abowe circuit and record thers inthe able 
bo 


3. Using Fake or LR bridge, measure accurately 
the vile ofeach seit and nae thir ves in 
the table below, 


Esact vale 


4. Calla. using the exact values of resistor, the 
‘ella dogs al cutets and record then is the 
table Below, 


1. Compare the calculated sad measured values of 
‘voltages and cutems and comment on any discrep 


Calculate the teal ctcuit power andthe power 
sited in cach resistor. 


|. the ctcul wat connected for 2 weeks, calculate 
the enepy use. 
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Superposition theorem 


Objectives: 
|, ‘Tomeasure and calculate the curentin cach branch 
ofa eres pale cca 


2 To verify he superposition there, 


Equipment required: 


1. Constcior boutd (for example, “Feedback 
EECITO, 


2 DC. Power Supply Units, 


3, Digital Multimeter, suchas Puke (for example, 
90) 


4. LOR Dita rs 
Procedure: 


1, Construct the etc as shown below, measuring 
sad poving in the table below the exit values of 
the sists using a Fluke or LCR ide 


eto mon 
7 oa 


wy] 


‘Measure te values Js fad fan ecu the 
‘vals in the ae below 


Rua) RAD) RIB) 


Ta(mnA) tn (md) Fe (and) 


3, Remove the 12V source frame above ict nd 


replace with ink. pvig the seul shown onthe 
ent alu, 


won 


LL _ 


4. Measure the values off f3 and Js anced the 
‘ales inthe tale Below. 


Measured 
Ista) 


Measured 
1y(a) 


Calculated Calculated Calculated 


Ik Is(euA) 


5. Caleulatee values off fad fund vcondthe 
‘ales in the ave ale. 


(6 Replace the 12V sous inthe original ecu and 
then eplace the 10V source witha link giving the 
‘Seu shown below. 


4 son wont 


7. Measure the values of ffs and Jp and eco the 
‘ales inthe tale Below. 


Measured Measured Measured 


1 ‘nA 
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Calculated Caleated 


Ts and) 


8. Caleulate the values offs an fan record the 
‘ales in tbe above ale 

9, By superinposing the Later two dsgrza on top 
ofeach othe, calculate the algebraic sum of the 
tens inca atch and eco them inthe table 
how. 


Caeatated 
bls In=hi4l 


heh—le Ie 


Conclusions: 

1 Sue iayour own words the superposition theorem 

2 Compare the measured and calculated values of 
1g, fy and Join proeute 9 aad comme on any 
crepancies 

3. Compare these values of ff and Fe with those 
measured in procedure 2 and comment an any 
screpancies, 

4 Can the principle of superposition be applied ina 
‘Sct having more han 1Wo sources? 
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24.4 Thévenin’s theorer 


Objectives: 


1 To calculte Théveni's equivalent of a given 


2, To erly Thevenia’s theorem, 


Equipment required: 


1, Constructor board 
BECATH, 


(Yor example. “Feedback” 


DC. Power Suply Unt, 
3, Digital Multimeter, such a6 a Fake (Fr example, 


0 
4, LOR Data ide 
Proce 


1, Construct th etc as shown below, measuring 
‘aud noting in the table below the exit values of 
the resistors using a Fluke or LCR vide 


a a 
7 % 


ines 


2 Measure the valusof J. fy and fe and record the 
‘values in the ale bow 


3, Remove the 1k resistor fom the above cca, 
aud measure the ope-cteuit voltage Vie atthe 
‘exminals AB. Record the Value ia th able ia the 
ext alu, 

4, Withtbe 1k resistor sil moved eovethetwo 
slag sources placing each with Link 


Now measure the resistance ro acoss the open 
‘Suited terminals AB and ec he vale ithe 
tale below 


Measured Measured Calculated Cateulated 


5. Calculate values of Voe and rpc and recon the 
‘aloes in the above ae 

6 Compare tbe measured and calculated yalues of 
Voe al 

71. Using the calculated values of Vac ad rye ea 


ulate and recon the eurent fc fromthe sieuit 
below. 


Compare this value of fe with that intally nea 
sued inthe original ict (Le. procedure. 


9. Calculate the voltage V shown athe citi below, 
ving your calculate value of fe, and ocd the 
‘ale inthe table belo. 
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10. 


‘The temninal voltage of a sours, V= E — Ler 
Using Hs, eaeulte and econ the values of J, 
ng, Le. transpose the equations: 

Von Mfg x 080 und = 12 Fy 820. 


Compare these values of J aad fy wih those 
Inilly measured isthe orginal ecu (Le pro- 
sedate?) 


Conclusions: 


1 
2 


‘Staten your own words Tavenias theorem, 


‘Compare te measuied and calculated values of, 
‘yan ad cratent on any discrepancies 


‘Can Thévein’s theorem be appliod in a cieut 
having ne than 9 sources? 


A the 10 sist i replaced with (a) 47002 
(by 2240, calculate the cute Nowing between 
‘he eile A and 
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245 Use of aCRO to measure voltage, 
quency and phase 
‘Objectives: 


1, Tomeauee ade, voltage using an osiloscope. 

2, Tomeasuethe peak to peak vole ofa wavefon 
tthe calculate tse, value. 

3. To measure the periodic time of a waveform and 
then cant ite fesqueey 

4. To measure the phase angle between two wave 
foams 

Equipment required: 

1 Cathode ray’ oseiloscope (or example, “Pils” 
digital Fluke PNE082) 

CConstucior boutd (for example 

ECHO. 

3, Function Generator (Escon’ EFG 3210), 
DLC. Power Supply Un. 

5. Fluke Jor example 8), 


Proce 


oodback? 


1. Switch on the osiloscope and place the ace at 
the atom ofthe seen 

Setihed.. power supply unit to 20V, making sare 

‘the ouput switch sn theo postion 

3, Comecta test ed from ehagne of the CRO to 
ted, PSU. 

4. Switch oa the ouput ofthe de, PSU. 

5. Measure the de. voltage ouput onthe CRO. 


46. Connect up the cicut as shown below. 


jon fs 


7. Set the function peneratr wo output a vliage of 
Svat sie. 


1 Measure the peak-to-peak voltages at Vs and V2 
sing the CRD and cord in the table bla. 
8. Calcalate the tas. values cortesponding to Vi 
tna Vand recon in the abe belo. 
10, Messue the voltages Van Vs using Fluke 
TL, Mesiue the periodic ime of the wavefonns 
shined at Vand V andsecordin the table belo. 
12, Caeulaethe eyuency ofthe wo waveloens atl 
‘econ the ae below. 
Voltage Peakto-peak 
voltage 


Voltage 
Ww 
Ve 


etme Frequency 


13, Mesure the pase angle ¢ beeween the 180 
waveforms using: 


peradie ime 
=p 
(Fo example, if 
paca 
r 


Conclusions: 


1. Isameasurement of voltage orcunent witha Fake 
scan value o a peak value? 
Write expressions for the instantaneous al 
ues of voltages Vy and V3 tie. in the form 
‘Asin(on 9) whose gi natin 


Same pracialabortaryexpeiments 413 


24.6 Use of a CROwith a bridge 
rectifier 


Object 


1. To measure and observe the input and ouput 
wanes of abridge rectifier tcitusing aCRO. 


2 Toiavestiate smoothing ofthe ouput waveform 


Equipment require: 
1. Cathode Ray Osioseope (oe example, “Pullip 
Ogi Fluke PM3O82), 


CConsctor bourd (for example 
EECITO, 


Fooback” 


3. ‘Tiansfonner for example, TET 464), 
4. Bridge ets. 

5. Fluke (or example, 89) 
Procedure: 


1. Construct the cieuit shown below with a sains 
transformer stepping downto a voligeV, between 

18V and 20. 

Meas the ouput wage Vi ofthe wansformee 


sing a Fluke and a CRO, noting the value inthe 
table low, Skech tbe waveform. 


Fs 


Measure the oupatvolage Vso the bide rectifier 
sag 2 Fluke and ubseve the waveform using 3 
(CRO, noting the value is the ae below. Sketch 
the wavefora, 


Place 4 100)F capacitor sero the tennis AB 
and observe the waveform actos thee esis 
ting a CRO. Messrs the voltage arom terminals 
‘AB, Vj, aotiag the Value the able Below. Sketch 
‘he waveform 


Place aseeond 100). capacitor in pre with the 
fist aro the enmials AB. Whats the fect on 
the waveforit? Measure the voltage actos tx 
nls AB, Vs, aotiag the value isthe table below 
‘Sketch the waveform. 


Conclusions: 


1 


2 


What ithe effet of placing a espn across the 
full-wave rectifier output? 


‘What iste rt eapaciance of two 100 F capac 
its coancted in parle? 


‘What ie mean by ripple? Comment oa the tip- 
le when (a) oe capacitors connected, (b) both 
“spac reconnect. 


Jeo Transtomer 


I 
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24.7 Measurement of the inductance 


Objectives: 
1, Tomeasute the inductance a eal, 
Equipment required: 


1, Constructor board 
ECT, 


DC Power Supply Unit 


(Yor example, “Feedback” 


3, Function Generator (for example, Eseoa ERG 
3210) 


4. Unknow induct, 


Digital Mutter, such a6 a Fuk (or example 
80) 


6, LER Data ide. 
Procedure: 


1, Constuet the ciel, with the inductance of 
‘ulow value ay sown below 


7 v ot 


2 Comecta de, power supply unitset a | V othe 
verminals AB, 


3, Measure the voltage Vand eurtont nthe above 
iru 


4. Chelate the sesistance R of he col using R 


og bee ai 


5. Remove the de. PSU and connect an a, fantion 
penerator Seta 1V, SOF to the terminals AB, 


46. Measure the vllge V and cuzeat Fin the above 


7. Caleta the impedance Z of the coil, wing 
2 =“ reconding the valu inthe ale below. 


1X From she impedance wiangle, Z°— A242, 
ftom which, Xj = YZ7—TE. Calculate X and 
record the valu ia the ble below. 


aft ten b= calle inde 
tance Zand ecord the vale ie tbl above 


10, Hence for the coll, =... HL 
tua resistance, R=. 


11, Messe the inductance ofthe col using an LCR 
dha ge. 


12, Using an amc. Voluneterora Fluke. measure 
the resistance of thecal 


Conclusions: 


1. Compare the measured values procedures 11 and 
12 with hase tated in procedure 10 and comment 


on any discrepancies. 
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Serie 


Objective 

1. To measure and road custent and voltages in an 
se. seros cuit at vaya equenic. 

‘Toimestigae the relaionshiphetwoen volage and 

3. Toinvestigate the value of current and impedance 

4. To compare measure values with theoeetial a: 
calaion. 

Equlpanentrequted: 

1. Cathode Ray Osciseope (oe example, Plips* 
bgital Fluke PM3O82), 


Consctor board (for example 
EECITO, 


3. Function Generator (for example, ‘Eicon’ EFC 
3210) 

4 Digital Multimeter, such as «Fluke (Vor example, 
wh 

5. LCR Data bridge 


Procedure: 


Fooack? 


1. Construct the seies RCL cite as shown below, 
‘measuring and ting the exact values of B,C 
tL, 


FS 


Set the ac supply (function generator) 10 2V at 

0H. 

3. Measure the got ofthe eset the eet 
using an anuneter or Flake and ec iin the able 
nthe nex cal. 

4. Measure the magnitudes of Vy Ve and Vy and 
‘sco therm nthe table inthe next clu, 


5. Calelatethe values of Xtand Xe and econ them, 
inthe tae below 


6 Using the values oF circuit eesistance (whieh i 
‘ey resistance uf coh, Xz and Xp, calculate 
Impedance 2 


7. Calla cutet 1 using 


8. Repeat the procedures 107 using frequencies of 
20H up to SOOH and ocod theses in the 
table elo Ensurethat the vollage it kept constant 
12 foreach frequen. 


24.2008 


2x 0 


9. Plt a graph of measwed cument J (vericlly) 
gaint Fequcney ¢herizoally), 

10. Plot on the ame ates a graph of impedance 2 
(verily) against frequency (hiatal). 
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1H etermine fom the raps the resonant Fequency 
i 

12. State the Formula forthe resonant frequency of 
series LCR ret, Use this formula to elelate 
the esoga fequensy 

13. Sat the supply voltage to 2V a the resonant fe- 
‘quency ani emanurethecuren und voltages Va, 
Vana Ye. 

HL. Conpestacathoderayosiloscope such that chan- 
‘el {across the whole cieutand channel 2 ke 
‘rose the induct. 


15. Ailstthe oseilloscope obtain bth waveins, 

16. Aijust the Function generate fm 2V, 100E up 
{2 V, 400 Check at wha fsqueney the voltage 
sevost (ie. chanel 2) ia maximum. Note aay 
‘ange of pas eh ide ofthis requeney 


Conclusions: 


1 


Compare measure values f cument wih the the 
etc eleulated values and comment an any 
Alscrepancies 

CComuent onthe ylues of current J and impetnce 
Z at revnance 

CComnest ow the values af Va 
‘What ithe pase angle between the supply curent 
and voltage at esonance? 

Sketch he phasor diagrams for frequencies of 
(a) 30082) f, (©) 70H. 

Define resonance 

Calculate the value of fact an hand width for 
theaboveciteut 


Ve and Va at 
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249 Parall 


Objectives: 

1. To measure and recon curtents in ana. pale 
seul a varying fequences, 

“Tiqestgae the rlatonshipherween volage and 

3. To calculate the cet impedance over a aage of 
frequencies 

4. Toivestigate the valu of current and inpedance 
tt eesonace and plo their raps over a range of 
frequencies, 

5. To compare measure values with theoreti ca: 
calaion. 


-Eqlpanent required: 

1. Constructor bound (for example, 
EECITO, 

12 Function Generator (for example, “Escon” EFO 
sn) 

3. Digital Mulimeter, such asa Fluke (Fr example, 
woh 

4 LOR Data bide. 


“Rosdhak” 


Procedure: 


1. Consruetihe pale LR-C cicutas shown below. 
‘measuring and noting the exact values of BC 
tL, 


All 
E 
4 


2. Set the function generator vo 3, 00H using 
Flue, 


3. Measure the magnitude of the supply cura 
‘apc cute, fe and inductor branch caret, 
“gaa eco the esuls i the table othe next 
clu, 


4 Adjust the function generator the othe requen- 
Si the ing at he ae 

V. Recor the values ofthe 
tenis foreach valu fequenyin habe belo. 
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5. Calealte the magnitude and phase of Fe en sd 
Tel Hert fig) fr each frequency and tec he 
‘ales in the able wate previous page 


46, Caleulate the magnitude and phase wf the eieuit 
Smpedance for each fequenty and record the 
‘values in the abe onthe previous page. 


7. Plot graph ofthe mains of Fe. fs fax asd 
2 (sesticaly against fequeney (boil all 
‘on the sme ane, 

, Detennine rom the prphs the reson equency. 


9, Stte the foumula and calculate the resonant 
ffequency forthe LR-C parle ctu, 


Conclusions: 


1, Compare metsuted values ofthe supply eurent 
‘withthe theoretical akulatd value ani omen 
‘on any disrepute, 


Comment onthe ylues of current J and impetnce 
Z at resonance 

Compare the value of reseuanee obaine fom 
the gaps te ha calculated and comment on wy 
Alscrepaney. 

Compare the graphs of supply) curent and 
Impede against Eequency with tse for series 
Calculate the value of dynamic wesistnce, Ry and 
compare with he value obtained frm the graph 
‘What isthe phase ale between the supply curent 
snd voltage at resonance? 

Sketch the phasor diagrams for frequencies of 
(a) 200820) f, (e400. 

Define resonance, 


Calculate the values fact an hand width for 
theaboveciteut 
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24.10 Charging and discharging a 
capacitor 


Objectives: 


1. To charge a capacitor and measure aint the 
ten tuough and vellge eros 


‘To dichare a capacitor apd measue at ier 
‘he cutent though and wotage ato 


3. To plot graphs of voltage against ine for beak 
shaping ad discharging cycles 


4. To plot graphs of curea against ine for both 


sharing and discharging eyelen. 

Equipment required: 

1. Constructor board (for example, “Feedback” 
EECITO, 


De, Power Suply Uni, 


3._ipital Multimeter, such a a Fluke (for example, 
wh 


4. LOR Daa bys 
5. Stop wath. 
Procedure: 


1. Consett sovies CR eitcuit a shown below, 
‘measuring the exact values of C and 


Sot the D.C. Powter Supply Unit 0 10V, making 
‘sue the outputsite sia the af postion. 


3. Charge the capacitor. measuring the capacitor volt 
age in vols) at 5 scond interval ver a period of 
(0 seconds. Record sults inthe able onthe next. 
oluma, 


4, Discharge the capacitor, measuring the capacitor 
voltage a5 second intervals aver petod of 60 
eons. Record results inthe table‘on the next 
clu, 


Discharge Ve (V) 


Discharge Ve (V) 


5. Again charge the capac thistime measuting the 
‘urea (in tA) a seco intervals over 3 psi 
‘OF 60 seconds, Record els inthe table blow. 

6. Discharge the capacitor, measuring the eusent a 


5 secon intervals ove a pesiod of 60 seconds 
Reco els nthe tae below 


Discharge (HA) 


Discharge fe A) 


17. Plt graphs of Ve against time for Bath charge and 
ischarge eels, 

8. Pot graphs of fe against 
charge ees, 

9. Caleulatehetine constant ofthe cect (using the 
‘measured Valucs of C and 

10. ‘Take a sample of the tes aa clea alues 
of Ve and Ze usiag the appropiate exponential 
formulae Ve= (Ie), Vom Ver" ad 
pares 


Conetasans: 


fr both chage and 


1. Compare theoretical sad measured values of volt 
ages and currents Tor the capacitor charging and 
‘schargiag- 

2 Discuss the charging and dicharing charatess- 
ties ofthe capacitor 

3. Comment on easoas fr ay ets encountered, 

4 What the cnc te constanr? What dos his 
‘mean Appsinutely how long does te veliage 
fn erent ake to ach heir nal values? 
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1@ sm) 9a 2® 1a se BO 170, 
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